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I. Introduction. 

In Norember, 1851, the late Dr. Leidy published, in the Proceedings 
of the Academy of Natural Sciences of Philadelphia, a notice of '* what 
I suspect to be the coonoacium of a new genus of Polyzoa ; although I 
have never been able to detect the polypides if such exist." He gives 
three figures of the '' coenoecium," consisting of a series of urn-shaped 
segments placed so that the base of one segment rests on the mouth of 
its proximal neighbor. To this new genus he gives the name Uma- 
tella, with a genus diagnosis, which three years later ('54, p. 191), after 
discovery of the polypide, was revised to read as follows : '' Coenoecium 
consisting of a series of segments up to eighteen in number, and forming 
firee, semi-erect, curved stems, attached only by the base of the lowest 
segment. Segments excepting the three last ones simple, umiform ; the 
antepenultimate and the penultimate oblong, with simple or compound 
branches of the same form ; the last segment or active polyp is campanu- 
late, and is supplied with cylindrical, ciliated arms arranged in a circle 
around the mouth." He finds that several stems arise from a common 
base. There are fourteen tentacles. 

In 1856 Allman (pp. 117-119) referred to the discovery of Leidy, and 
published a pencil sketch of Urnatella furnished by Leidy. This is the 

1 Contribntionfl from the Zoological Laboratory of the Museum of Comparative 
ZoSiogj, under the direction of E. L. Mark, No. XXXIU 
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fint publiah^vi^dlniwiDg of the calyx and young branches. Allmau was 
inclined tpf^jIWr this genus tb the Pedicellinidic 

In 1870 *^*idy recorded further observations on UmatelUy and in 1884 
he pubjished in a thin quarto, with a single plate, everything which he 
had*foi|dd out about its anatomy and physiology. The main points of 
4li^ papers wiU be brought out in connection with the organs to which 
'-they refer. 
*\\'' Finally, Mr. Edward Potts, in a note to one of the editors of the 
/•V * American Naturalist (April, 1891), states that he has succeeded [as did 
•«, Leidy] in obtaining in the spring rejuvenated heads from the headless 
stems of Umatella gathered the preceding fall. 

Various writers have called attention to the imperfections in our 
knowledge of this alwrrant form. Ehlers ('90) has made many sugges- 
tions ccinceming the anatomy of Umatella, which, l>eing purely hyiK>- 
thetical, rec|uire to lie settleil by observation. Leidy himielf was impressed 
with the importance of a Iwttcr knowle<lge, and he had intended, he says 
(*84, p. G), to make a thorough investigation of it. *' Other occu|)ations, 
and the want of a rca<ly supply of the necessary material, have prevented 
my intention, and I am now led to communicate what I have learned f>f 
the animal with the view that some of my younger countr)'men and 
ro-laborvrs, under more favorable circumstances, may bo induced to do 
what I had ho|NMl and wished to do." To supplement the work of Pro- 
fessor Ix'idy is the object of the present paper, which has been largely 
inspired by his. 

In 1884 lA'idy remarked upon the absence of Umatella from its former 
haunts. ApfNirnntly nothing had been seen of it since that time, until, in 
1889, I ofietifMl correHiKindence with Mr. Kdward Potts of Philadelphia 
ufion the subject. In the summer of 1890 Mr. Potts and I thoroughly 
eiaminetl the waters of the .Schuylkill Kiver, both above and below the 
Fairmoiint dam, but without finding any trace of Umatella. In Scpteni* 
Iter, 1891, Mr. Putts ff>und many stocks in the bed of the temporarily 
cni|»tie«l Schuylkill (*aiinl, liclow Ylni llock dam, and kindly forwarded 
some of these, living, to me at (Cambridge. In July, 1892, Mr. Potts 
and I re-einniined in vain the Schuylkill River at Fainnount dam, and 
linally. on July 4, made dre«lgings in the Schuylkill at Flat liock dam, 
near Shawniont Station, Penniiylvania. We found no trace of Umatella 
in the (|uift wattTS aKive the dam, but in the turbulent waters ini- 
uittlmti'Iy lielow the overflow almcwt every stone brought from the bot- 
tom liore atiHrks, auil sume were almost completely covered on one face 
with luiuriant growtha One barrel-hoop dredgeil from the mud was 



MUSEUM OF COMPARATIVE ZOOLOGY. 3 

completely covered with headless stems. As many stones as we could 
carry were packed in moist paper or in jars, and transported safely 
several miles. A few days later, stones with living stocks of Umatella 
and parts of the barrel-hoop with headless stems were transported in a 
pail of water to Cambridge. Upon arrival at Cambridge it was found 
that nearly all the heads had dropped off. The stocks were kept in 
running water for three months, daring which time those which had lost 
their calyces did not regenerate them; whereas the stocks on the barrel- 
hoop did regenerate their heads, but did not bud very luxuriantly. 

I cannot close this introduction without expressing thanks to my 
friend Mr. Potts, who, filled with love for the science, has unselfishly 
supplied me with material, hospitably received me into his household 
during my stay in Pennsylvania, and worked with me beyond his 
strength in our dredging operations on the Schuylkill in order to further 
a study of this animal. 

The later studies included in this paper were made in the Embryo- 
logical Laboratory, under the direction of Dr. £. L. Mark. . 

I propose to describe first the anatomy of the adult, and, in the second 
place, the non-sexual reproduction and regeneration, so far as I have 
been able to determine them. In each section' of the paper I shall give 
first my own observations on Umatella ; secondly, compare them with 
those of others on Umatella or other Endoprocta ; and, finally, give my 
conclusions upon or interpretation of any difficult points. 

II. Anatomy. 

For the purposes of description we must distinguish the stalk and 
the calyx. 

1. The Stalk. 

The stalk is an elongated, filamentous structure, composed of a 
number of segments, lying one beyond the other. The number of such 
segments varies from one to several, according to the age of the stalk. 
Leidy counted as many as eighteen. I have never counted more. 
Looked at with a hand lens, the stem is seen to be composed of alter- 
nating translucent and opaque rings, of which the former occupy the 
middle zone of each segment ; the latter have an intersegmental position. 
The surface of the stalk in the translucent zone is thrown into circular 
folds, and small processes appear scattered over its surface, more abun- 
dantly on the more distal segments (Plate I. Fig. 6). 
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An optical longitudinal aeotion of tho living stalk (Plate I. Fig. 7) 
■how8 that it conttists of a thick cuticula, within which ia a maiw of ill- 
defined tissue. The cuticula is thicker and more opaque in the basal 
segments, thinner and more transparent in the distal ones. Each of the 
basal segments often contains a mass of globular, highly refractive bodies, 
which may be forced out from the segment by crushing the latter (Plate 
I. Figs. 4, 5). Isolated by this means they are seen to be of the most 
▼aried sixe, and to resemble yolk spherules. Besides these granules, one 
finds lying near the cuticula in all but the oldest segments a fibrillated 
layer consisting of elongated, spindle-shaped, highly granular cells in the 
midst of the yolk spherules (Plate I. Fig. 7), and, finally, one or several 
flickering bodies reminding one by their motion of the cirri ^ of flame 
oelU. In the dark zones optical sections reveal indications of a transverse 
septum. 

A more accurate insight into the histological structures is gained 
from thin sections of the stalk. 

The euticuia appears in two conditions, which are not sharply separated, 
but pass into each other through intonuediate conditions. The one 
kind (Plate L Fig. 4, da,) occurs in the middle tone of each segment. 
It is transparent and flexible, and becomes thicker in passing from the 
distal to the proximal segments. It stains in hematoxylin, and is then 
■evn to \)0 comfHisod of lamime, for it appears in section distinctly 
striated (Plate I. Fig. 4 ; Plate II. Fig. 10). The other kind of cuticula 
occurs chiefly at the constrictions between segments, but it extends over 
the two ends of the segments also, and even over the middle sonos of 
the segments, as an outer cuticuk (Plate II. Fig. 8, ctn^.). It forms, 
moreover, the septa lietween adjacent segments. It does not stain in 
luematoxyliii, is more highly refractive than the first kind, and has a 
yellowish color by transmitted light Where it passes over into the first 
mentioned kind of cuticula, it becomes distinctly striated, and gradually 
loses its sfiecific chararters, gaining those of the first kind, of mhich it is 
pn»bably only a nifMlification. It is the presence of these two kinds of 
cuticula thiit onuses the superficial apf«aranoe of alternating light and 
dark sones nn the stem. These two kinds of cuticula do not correspond 
to the innvT and outer cuticulas which Khlcrs (*90, pp. 16, 17) dcscrilws 
for Am-tiiMNliirto. Two layers with the charactera of those of Khiers ap- 
pear nut to cxiiit in l'nmtc>lla. 

The fdihlerm (Plate II. Figs. 11, 10, IC) diminishes in thickneas from 

I I rmploy tlit woni ''clmu" In the lenie In which it is tistd by Butachll 
for CUIaU <cf. Breao'i Thiemicb. I*rotosoa, p 1U4). 



MUSEUM OF COMPARATIVE ZOOLOGY. 5 

the distal end of the stalk, where it is a layer of cuboidal cells, to the 
base, where its cells are extremely flatteoed, so that the layer is hardly 
distinguishable. Even near the base of the stalk, however, the ectoderm 
is a relatively thick layer on each of the surfaces of the transverse septa. 

The aocial portion of the stalk presents very interesting histological 
conditions. In a young individual whose stalk comprises a single seg- 
ment only (Plate II. Fig. 15) the axial portion contains a closely packed 
mass of cells, which stain deeply, contain few vacuoles, and are slightly 
elongated in the direction of the axis of the stalk. At a later stage one 
finds the plasma of some of these cells undergoing a metamorphosis. 
Such cells appear filled by a vacuole in which lie numerous highly re- 
fractive granules. A little later all of the axial cells have become greatly 
elongated in correspondence with the elongation of the stalk. Many of 
them appear almost completely vacuolated. A cross section of the stalk 
at such a stage of development is shown in Plate II. Figure 9, where the 
centre is filled with a network of cell boundaries enclosiug clear spaces. 
This condition is very striking in longitudinal sections through the re- 
gion of the septum, where the long vacuolated cells may be seen extend- 
ing from one segment into the other. 

According to flhlers ('90, pp. 18-22), the stolon of Ascopodaria shows 
a condition of the axial portion similar to that here described ; but in 
the stalks which support the calyces there is a considerable amount of 
intercellular substance, aud I find the same thing in Pedicellina. In 
Umatella, on the contrary, such intercellular substance appears only in 
the older stalks. 

The musculature of the adult stalk is situated immediately within the 
ectoderm, and is found in all segments running from one septum to the 
other. On cross section of the stalk it appears as a circle of radially 
elongated, highly refractive bodies, placed close to the ectoderm (Plate 
II. Fig. 9, mti). Each elongated body has, at a certain focus, a darker 
periphery and a lighter central line. With the highest powers the darker 
periphery can be resolved into a single row of bodies, which appear as 
bright spots at the highest, as dark spots at the lowest focus (Plate II. 
Fig. 16, mu). These I interpret as fibrillse. 

The fibrilke develop in the protoplasm of the axial cells. In their 
earliest stages one sees them forming a single row on the outer edges of 
the more peripheral cells (Plate II. Fig. 17, mu). Later they are formed 
on the two lateral edges also (Fig. 11). Additional lateral (or, in rela- 
tion to the stalk, radial) rows of fibrilla) are next formed in each cell, 
the new rows appearing nearer the centre of the cell than those already 
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formed (Fig. 10). Finally, in tho sdiilt, the nucleus of the cell, which 
hua been pushed ccutripetad by the multiplication of tibrilla), comes to 
lie opiKmito several pairs of radial rows or sheets of fibrillar. These 
sheets always occur in [laint, the components of the pairs Uring se{»arated 
by a narrow clear s|aco, and the pairs by broader s|>aocs. 

As I have said, this musculature occurs throughout tho entire stalk up 
to the base of the calyx (Plate III. Fig. 19, mu.). I do not untierstand 
on what ground Ehlors states ('UO, p. 14G) that in Tniatella '*(]er 
Muskelmantel in den gleichmassig diuken Stengelgliedem nicht den.*n 
ganzc Ijiugo erfiillt" 

There is a considerable difference between my description of the struc- 
tures of the muscle fibres and that of Khiers ('90, pp. *jr>-28) for Asco- 
podiuf^ia. In the latter case, the muscle cells are plnce<l three to five 
deep, instead of in one peripheral series, as in Uniatella. Moreover, in 
AscoiHNluria the fibrilhi* lie in two thick |H*ripheral luinds on the Hides 
of each muscle cell ; whereas in rruatella several muscle bands (each 
cH>nsisting of a single row of fibrilla*) Ixdong to each cell. 

The differences U^tween tho two gi*nera art^ easily explained by assum- 
ing an increase in the numlier of muscle cells in Ascop* '^ia, so that 
they can no lonl^*r lie in a single peripheral series, an«l th •ibrilltu 

iNinds have become grently crowded t<»gether, so that om- and iH not 
e<|tiivAlent to a single luind of rniatella, but to all of the bands of I'nia- 
tc*lla which have arisen on one side of the cell. The stalk musculature 
of Asrn|KMlaria is thus more highly develf»|>ed than thnt of Uniatella. 

Khh-m mentions the n*Hc*nihlaiii*e lH*twei*n the muscle fibres of Asco])o- 
daria an«l tliom* of Nematodes, c^sfiecially the ( *a'lomyaria. 

I have referred al>ovo to vibratile movements in the living stalk. 
Stfiiiied MH-tinnn show, placed more or less abundantly throughout tho 
stalk, eli>ntfiite«] H|MiceH tenninating blindly at one end in structures 
which muNt l« regarded as finme cells (Plate II. Fig. 12, r/. jtm.). 
Such a flame cell is spherical in fonn, stiiins slightly, iHiKHCH^es a large 
nucl«*us, and gives off into the elongated s]iace ci. th. the well known 
cirrus ( Wimftrrflnmmf). 

The form of the cirrus in all cases examined was conicsl, the axis 
of the Cone lieing nsuully thmwn into a sigmoid curve. Where the 
cirrus ariiM>s fr(»m the cell, it is slit;htly const ricte<l, then cnlar^eH sud- 
deiily, fonnin^r a thickened rinu'. Diittal of this ring the cirrus ta|K.*ni 
graiiunlly to a tine fioint. Thnt the cirrus is coin|Kmo4l of a nnnilier «if 
au'irliitiimteil cilia is indicated by the presence f»f l**ni:itudinal striie. I 
liclievv that the flame cell closes the lumen of the tubule at this |ioint. 
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Concerning the space into which the free end of the cirrus projects I 
can only conclude, from comparison with other cases where a flame cell 
occurs, that this must represent the lumen of an excretory tubule. I 
have not, however^ been able in any instance to trace an individual 
tubule to any considerable distance, or until it opens into any other 
organ. One thing seems fairly certain, there is no morphological differ- 
ence between those elongated clear spaces into which the cirri project 
and the elongated vacuolated cells to which reference has already been 
made. I am therefore inclined to regard it as probable that they are 
one and the same thing. The vacuolated cells are developed by the 
breaking down of the plasma of the elongated cells of the young stalk. 
Before the metamorphosis is completed, one finds cells filled with clear 
contents, in which lie scattered granules (Plate IL Fig. 15, cL th. left). 
Finally, even these seem to disappear (Fig. 15, cL th, right). Since 
the tubules agree in size with these elongated, later vacuolated cells, 
I conclude that their lumina are intracellular. Since the so called 
vacuolated cells — many of which at least are, according to my view, 
tubules — pass uninterruptedly from one segment to the next through 
the centrp^ pening of the septa, there may easily exist continuous 
tubules ' ig from the basal segments into the calyx. 

The onl} .xcretory tubules which have been heretofore mentioned as 
occurring in Endoprocta are the pair which lie in the calyx and open 
into the atrium between mouth and rectum. Farther on, I shall 
have occasion to inquire into the probable significance of the facts here 
recorded. 

In specimens of Umatella gathered in the fall and examined while 
living, I found the basal segments filled with yolk granules (Plate I. 
Fig. 4). Even in stocks collected in July, the basal segments contained 
a greater or less amount of yolk. In passing from the distal towards 
the proximal end of the stalk, one can trace the development of this 
yolk, and since this Is a matter of some general interest I have paid a 
little attention to it. 

If we examine one of the middle segments of a stem whose basal 
segment is full of large yolk spherules, we shall find reserve stuff form- 
ing in some of the elongated cells. It appears as a fine granulation 
throughout the whole cell, except immediately surrounding the nucleus 
(Plate IL Fig. 13). Not all of the cells appear thus granular, for 
others are at this stage vacuolated. Still later (Fig. 14) many of 
the fine granules appear to have fused into larger ones, and these are 
separated by clear spaces. The cells have enlarged very greatly (those 
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in Figs. 13 and 14 being equally magnified), and their boundariat 
seem to l>o at some points discontinuous. Finally, in tbe basal seg- 
ment we find all trace of cell boundaries lost, and the central space 
filled by a mass of large and small yolk globules, nuclei, and proto- 
plasmic debris (Plate II. Fig. 8). 

The scries of stages in the formation of yolk, which are shown in su<>> 
cessive segments of the same stalk, points to the conclusion that yolk is 
in this case formed inside of the cell by a fusion of many excessively 
small granules, — a conclusion similar to that reached by Stuhlmann 
("87, p. 23) for the eggs of a Teloost. Hand in hand with the develop- 
ment of yolk there seems to go a diminution in the amount of proto- 
planm, which thi^refore seems to lie broken down in the process. The 
detiiils of this process resetublc remarkably those of the fonnation of 
the yolk in the statoblast of Phylactolicma, for an accurate description of 
which we are CHjHJcially indebted to Hraem (*90, p. 7G). 

Tnuitella is ({uite uni({ue, so far as I know, among all Endoprocta in 
Uie storage of foo<l material in its stalk. This is doubtless of high 
physiological im|M>rtancis as I shall try to show later. 

Sejiin occur at the constrictions l>etweon segments, and separate the 
latti*r from one another. They are com{M)sed of a circular fold of ecto- 
denn, whfise frei* edge surrounds a small o]>ening, through which spindle* 
shaped varuolate<l mesonchytaatous cells {uiss. The adult condition ia 
CAHily interpreted by reference to the devel(»pmeiit, an early stage in 
which is ithown in Figure 21 (Plate IV.). liotweeu the layers of the 
octodcnnal fold a perfonitod dine of cuticula — continuous at its outer 
edge with the sujicrficial cuticula — l>ecomes laid down. This cuticu- 
lar disc increases in thickness with incrtMUiing age. 

The most distal Hi*ptum, which Ho[>anites stalk and calyx, is more 
complicated than the otht^rs. Tho complication is due to the fact that 
mesenohymatous cvIIh have placed themselves in and aU^ve the o|ioning 
of the neptum, ami have flatteniHl themselves out iK*riH»ntlicular1y to the 
axis of the litalk, while still allowing the vacuohite<l cells to pass at 
thoir margiuN into the calyx from the Htalk. Thus the transversely 
flattene<l m«*M>nchyniatous cells ap{>ear to nend out horizontal processes 
betweiMi the tubular cells (Plate IV. Fi;;. 2r)). 

Tho tlattentnl cells which lie al»ove the o|>ening of the septum are 
Sifii, lu lon;:itudiuul Miction of the stalk, to l>e arched over the ojicning. 
It renultii fniui thin thut the smaller, lower cells lie partly enclosed bj 
the largtT upfHT much (Plate III. Fig. 18). 

A M'ptuui liet\»een atalk and calyx agreeing even in detail with that 
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just described for UrDatella has been described and figured by Ehlers 
for Ascopodaria. Such a highly complicated septum seems indeed 
to be common to the Pedicellinidae, which in this respect appear more 
nearly allied to Umatella than does Loxosoma^ in which such septa are 
absent. 

In Pedicellina Benedeni also, which has a segmented stalk, the seg- 
ments are separated from one another, according to Foettinger ('87, 
pp. 301-303), by perforated septa. 

2. The Calyx. 

Under this heading I shall treat successively of the body wall (includ- 
ing the lip of the atrium, and the tentacles), the atrium, the alimentary 
tract, the body cavity, the nephridia, the sexual organs, and the nervous 
system. 

A good idea of the external form of the expanded calyx may be gained 
from Leidy's figures. My own, having been drawn chiefly from preserved 
material, show the polypide for the most part in a retracted condition 
(cf. Plate I. Fig. 2). When thus retracted, the atrial opening does not 
lie at the apex of the calyx, but is thrown sharply over towards the oral 
aspect (Plate III. Fig 18). 

The body wall is composed of a single layer of excessively thin epi- 
thelium, — the ectoderm, — which has secreted a thin cuticula. This 
cuticula is thickened in places, producing papillae, which are irregularly 
scattered over the calyx. At the lip of the atrial opening, as the pas- 
sage into the atrium in the retracted condition may be called, the ecto- 
derm is thicker than elsewhere, and folds back upon itself until it reaches 
the base of the lophophore. This backward-reflected portion I shall 
call by the name kamptodermy for although its homology with the kamp- 
toderm of Ectoprocta may not be entirely beyond doubt, I cannot see 
any important difference between the two structures, either in their adult 
relations or in development As in the Ectoprocta, so here the polypide 
is formed in the retracted state, and the atrial opening does not break 
through until a late stage is reached. 

In Ectoprocta the line of union of the kamptoderm and body wall, 
i. e. the lip of the atrial opening, is marked by a thickened ring com- 
posed of elongated ectodermal cells, at the base of which lie the fibres of 
a sphincter muscle. This organ constitutes the " Randwulst " of Phy- 
lactolasmata or the " J)iaphragma " of Gymnoleemata. Does an organ 
homologous with this occur in Umatella 1 It is in keeping with the 
more primitive organization of the Endoprocta that, although a corre- 
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■ponding region oxisU and sphincter muscles are found here, it hu not 
become so distinctly diflfcrentiated from the rest of the body wall as has 
the Handwuist of Phylactoltemata. This region may be designated the 
lip of the atrium. 

When the tentacles are expanded, — a secondary condition, as the 
development of the calyx shows, — the lip of the atrium forms a circu- 
hu* ridge lying at the base of the tentacles (Plate IV. Fig. 26, ipht. air,), 
When the tentacles are drawn in tightly, the lip of the atrium becomes 
puckeretl. Two of the folds resulting from this process are shown cut 
across in Figure 19 (Plate III.) above the middle of the atrium. 

The tentacleM of Umatella in three cases in which I counted them on 
trauHverse sections, as well as on the entire animal, numbered twelve ; 
in one case, thirteen. In addition to these numbem, l^idy ('84, p. 10) 
found sixteen (usually) and fourteen. In the specimen tvith thirteen 
tentacles, the odd one was placed on the anal aspect of the calyx in the 
median plane. It apjwared shorter than the others. In one case with 
twelve tentacles, olwerved fully expanded, the two tentacles of the anal 
aB|)ect lying nearest the median plane appeared shorter than the re- 
maining ones. Leidy does not refer to this point, and his fipires 
afford no satisfactory evidence as to the occurrence of this condition 
in his Mpecimena 

The tentacles are each comi>osed of a cylinder of columnar epithelium 
surrounding a narrow central region which is filled with mesenchymatous 
tissue. In addition, on earh of the lateral aspects of the tentacle 
there in a musclt*, coni{M)HfMl of one to three fibres lying side by nide 
(Plate IV. Fig. 27. mu. ret. ta,). The epithelium is ciliated on the lat* 
eral and inner fares of the tentacle. 

The atrium in l>ounde<i by the tentacular corona on all sides. The 
floor of thu atrium passes into the mouth in the oral region, and rests 
upon the rectum in the al>oral region. At the centre there o|)ens into 
it an olongnted |K>ck(;t, the cloaca. The lateral angles of the mouth 
arr prolonginl al>ora11y, and fonn two grooves which open into the atrium 
along the lateral margins of the floor (Plate III. Fig. 19, sul. atr.). 
Those, which may lie calknl the atrial groovtM^ approach each other and 
b4*coinc slmlltiwor as they {muw al>orally upon the atrial wall, until they 
«li*tiipIH*ar in the me<lian lino al><)ve the nn^tum. The epithohum lining 
thi* gfiNives is ciliiited. 

This ** atrial groove '* exists also in Peilicellina echinata accnnling to 
Nilwho (V,9, pp. 21, 22), and. according to Ehlors ('90, pp. 52, 5.3, 59. 
CO), in his Asco|KMlaria inacn»pus aluo. Its function, as has Iwen fre> 
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quently pointed out, must be to carry the particles of food from the bases 
of the tentacles towards the mouth. 

The mouth is limited on the side towards the anus, and separated 
from the cloaca by a fold^ which may be designated the inner Up, This 
represents the organ often referred to as the epistome, — a term which 
implies an homology with the organ of the same name in Phylactolse- 
mata. This organ is of greatest size in Rhabdopleura and Loxosoma 
among Endoprocta, where it is elevated far above the general level of the 
floor of the atrium. * It is less marked in the Pedicellinidee. In Uma- 
telia it is not at all evident, because its upper edge is not higher than 
the roof of the rectum which forms the actual floor of the atrium be- 
hind. If, on the contrary, the cloaca extended imdemeath the rectum, 
as it does in the Pedicellinidee, causing a great space between it and 
the intestine, and thus making the roof of the intestine the floor 
of the atrium, the inner lip would appear as a very prominent organ 
(cf. Fig. 18). 

On the outer edge of the mouth, and forming the " outer lip," is a 
prominent horizontal fold of the oral part of the atrium (Fig. 18, Icph. 
atr.). This fold extends aborally, running parallel with, and forming the 
outer wall of the " atrial groove " (Fig. 19). The fold gradually becomes 
less pronounced towards the aboral aspect of the atrium until (in Fig. 
18) it forms only a slight swelling of the atrial wall over the rectum. 

Alimentary Tract. — As in other Endoprocta, so in Umatella one can 
distinguish four regions in the alimentary tract : oesophagus, stomach, 
intestine, and rectum. The wall of the alimentary tract is con4)osed 
throughout of a ciliated epithelium, except in the so called hepatic cells 
of the upper wall of the stomach. In this exception Umatella agrees 
with other Pedicellinidse, but' for Loxosoma Harmer makes no such 
exception. 

I find a highly refractive basement membrane lying at the base of 
the digestive epithelium. This stains deeply in hematoxylin, so that it 
can be seen with a low power as a distinct line surrounding the alimen- 
tary tract. Such a condition, described by Nitsche ('69, p. 19) for 
Pedicellina, has been denied by Ehlers C90, p. 72) to exist in Asco- 
pudaria. 

There is an indication of a specialized intestinal (sphincter) muscle 
surrounding the op)cning leading from intestine to rectum, as well as at 
the anus. The structure in question, which appears in section (Fig. 18, 
spht,) as highly refractive and deeply staining areas on either side of 
the opening, seems to lie in the epithelial wall of the alimentary tract. 



12 BULLETIN OF THE 

Since elBowherc in tho calyx of Umatella, and in other Br}'ozoa, rnuBclet 
ariHe from niesodernial tissuo, I am inclined to believe tbtit, notwith- 
standing their {losition, they are formed from meticnchymutous cells 
which have crowded in Itetweeu the epithelial cells. 

The free surfaces of the epitheliid cells are ditfurent in the various 
regions of the alimentary tract. On the wall of the cosophagus they 
run out into tolerably close-set and long cilia, which become longer 
towards the deep end of tho wsophagus, and project into tho stomach at 
iXa cardiac end (Fig. 18, of.). Along the lateral and lower sides of the 
stomach one finds longer sparsely distributed cilia, and at their Imse a 
close-set hiycr of short rods (Stiibchen). Around the pyloric o{)eiiing 
of the stomach there is a ring of elongated cilia. The intestinal epi- 
thelium bears chiefly short, stout, and close-set tStabcftfn, The cilia of 
tho rectum are confined to the up{>er wall, and are of medium length, 
and sparse. These are omitted in Figure 18. 

The [Hisition of the mouth has been already defined. It leads into a 
brim<l arsoj^tiijus, constantly narrowing as it descends until it opens into 
the stumach at the lower (oral) end of the latter. Its wall consints of 
a columnar epithelium, some of whose cells are vacuolated, es[)ecially at 
the Ikihc of tho epistome. The inner wall of the a*so[»hageo-ga8tric 
o|Mfnni^ is provided with a valve-like prcKTCbs, covered, like the op]K>site 
wall, with hir^e cilia. 

The iH'nrsh:i(»e<l stomach is lincnl below and laterally by a cuboidal 
or short columnar epithelium, aUivo l»y a highly granular, ni(»re or less 
vacuolated, non-ciliated e|>ithelium, whose free ends are raggeil, sending 
pnMM^HHi'H into the lumen of the organ. These constitute the so called 
h«*patie eells. Their granules stain deeply in liH'matoxylin. In tho 
epithelium of the lateral an«l lower walls of the stomach deeply stain- 
ing; eelU alt4*rnate irr(*gularly with less dei*|ily staining ones (Fig. 18). 
Thirm* eelU are aliKi full of Hmall vacuoles. 

Tho Htonia« h is fie|>arate(l from the intestine by a circular ridge, 
fornu*«l i»f elon^ateil cells U^aring long cilia, — the pyloric valve. 

Tli«* eelU of the conical inti>stine are cul»oidal, and |>osscss a thick 
external and iptenml membrane, which stains deeply in ha^matoxylin. 
Th** pritHuire into the rectum is rehtrictetl. 

The epithelium <if the rectum is com|H)se<l of flattene<l cells. Its 
lower wall it «'Ii>Hely applied to the up{>er wall of the intestine, the two 
walls l»eing M>|»arati*<l by the Itascmcnt membranes of the two cell layere. 

The anus lies, as already state<i, on the alioral wall of tho cloaca. At 
this i>oint the wall of tho rectum Urcomes continui»ns with tho fltMir of 
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the atrium above and the aboral wall of the cloaca below. The cells 
surrounding the anal opening are slightly larger than their neighbors. 
Lying apparently in the basement membrane is the anal sphincter 
already mentioned. 

Under the term body cavity I include the space lying between the 
alimentary tract and the outer body wall and atrium. This space, 
which is much reduced in the retracted condition of the polypide, con- 
tains indifferent mesenchymatous tissue, tubular cells, muscles, the 
excretory and sexual organs, and the nervous system. 

The body cavity is bounded by no other epithelium than the ecto- 
derm of the body wall and atrium, and the entoderm of the alimentary 
tract ; that is to say, there is no mesoderm. 

The indifferent mesenchymatous cells have been seen to best advan- 
tage in the end of a regenerating stalk shown in Figure 3. Here the 
cells, which were studied while living, could be seen migrating on the 
inner sur&ce of tHe ectoderm, and extending through the central region. 
Such wandering cells were filled with highly refractive granules. 

The tubular cells of the body cavity lie chiefly at the base of the 
calyx, near its attachment to the stalk. In this region also I have seen 
in the living animal a flickering ciliate movement, and in the sectioned 
animal flame cells. 

I have been able to distinguish only two systems of muscles in 
the body cavity of Umatella, — the sphincter of the atrium, and the 
muscles of the tentacles. 

The sphincter of the atrial opening (Plate III. Fig. 18, Plate lY. 
Fig. 26, $phL atr.) is composed of circular fibres lying in the lip of the 
atrium. Taken together, the fibres form a folded sheet, U-shaped on 
cross section, the convexity of the 'U being directed upwards. The 
function of this muscle is, of course, to constrict the atrial opening, and 
thus to protect the tentacles and pai-ts below. 

The tentacular muscles consist of the pair to each tentacle already 
mentioned. These run from the apex of the tentacle to the base, where 
they diverge to the right and to the left, and, after breaking up into 
many branches, pass through the ectoderm to become inserted upon the 
cuticula of the body wall Leidy C84, p. 10) saw these tentacular 
muscles. 

Differentiated muscles do not seem to be abundant in the calyx of 
any of the Endoprocta. Tentacular muscles are unknown in other spe- 
cies. On the other hand, Ehlers ('90, pp. 64, 65) has described two sys- 
tems for Ascopodaria which I have not seen in Umatella, namely, lateral 
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wall muscles and transrerse muscles, tho latter running from the right 
to the left wall. The fibres of these muscles also break up into branches 
before making their attachments. 

Excretory Organs, — The chief excretory apparatus in Umatella lies in 
the calyx below the ectodermal floor of the atrium (Plate III. Fig. 18, 
Plate IV. Fig. 22, »;)A.). It consists of a pair of tubules which unite 
proximally and open by a single pore into an unpaired cavity, which in 
turn 0{>eiis into the atrial chamber at about the centre of its floor. 
This un|)aired cavity is the one I have proposed to call the cloaca, 

Fn>m its opening into the cloaca the unpaired tract of the excretory 
tubules, which may be designated ^rrentducty runs omlwards and down- 
wards, and thou divides, the two tubules following the posterior wall of 
the (vsophagus. Finally, the tubules turn back upon themselves, run- 
ning outward and towanls the rectum. The whole excretory ap]>aratua 
has thus the form of the (treek letter Y. 

Kach tubule ends blindly in a flame cell which bears the characteristic 
cirrus, exiictly similar to that found in the stalk ()>age G). Figure 22 
(Plate IV.) Hhows the end of the tubule of the left side. The plane of 
this function was such that it cut the ponteriorly reflecte^l region of the 
excretory tubule of the left side throughout all but the middle of its ex- 
tent. At the middle line the tubules of both sides sink Ik;Iow the plane 
of the section, so that it is the efferent duct which is cut at npk, in tho 
miHlian plane. 

One of the youngest individuals in uhich I have found a nephridiuoi 
irt that from which tho st^ction Figuro 21) (Plate IV.) was drawn. Tho 
etfiTctit durt (nejth.) ap|)ears to Ih) comix>sed of two elongate<l cells 
pla4'<Hl end to end. Kunning thn>ugh the mitlst of theso is a |MK)rly 
markeil lumen, {uirtly fill«Hl by a granular sulmtance. This and one or 
two iithor ninnlar caMvs S4*em to me to Hnp]Mirt stnmgly the view of tho 
intnirclluLir nature of the lumen of the nephridium. 

The evidonro derivetl from the adult condition is less satiHfartorv, but 
|MiuitN t«» the Mime c«>noluiiion. Thus one finds on crosn s(H.-tion of tho 
tubulrn that tho lumen is n(»t sharply limited like the exterior of the 
tubnie. In fact, one sometimes finds delicate threads traversing the lu- 
men (Plate III. Fig. 21, aw). In one of thene S4H;tions two nuclei aro 
cut acpiHM, which in m> far militates against my conclusion that the 
lumen ruiiH inniile of Hingle cells placed end to end. lUit I believe those 
to Iw the nnelei of two adjacent in*rrlappiutj cell*. 

On at-KMint of the evidence just pn'sente<1, I regartl the ne|>liridium 
of rnitttclla aa havmg an intracellular lumen and endnig blindly in a 
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flame cell, aud am thus brought into complete agreement with the results 
obtained by Harmer from Loxosoma. His conclusion ('85, p. 279) that 
the Endoproct nephridium is probably to be regarded as a head kidney, 
like that of Trochophores, seems to me to be justified. A further discus- 
sion of this topic must be deferred till towards the close of this paper. 

The nephridium opens, as already stated, not directly into the vesti- 
bule, but iuto a pocket of it, the cloaca (Plate III. Fig. 18, Plate IV. 
Fig. 28). The wall of the cloaca consists of a layer of cuboidal epithe- 
lium which is perforated by three openings, — the anus, and the proximal 
openings of the efferent duct and of the vas deferens. 

The cloaca is an organ which does not occur in any other Endoproct. 
Its existence here is due to the unique position of the rectum and anus, 
and of the opening to the vas deferens. In Loxosoma the last is very 
far removed from the opening of the nephridia. In the Pedicellinida) 
the two openings are less distant from each other. In the male of 
P. Benedeni (Foettinger, '87, Plate X. Fig. 16), the anus and the open- 
ings of the nephridium and vas deferens are quite near together ; but in 
the female the oviduct of that species opens far distant from the other 
organs. 

Sexual Organs. — Curiously enough, I have not found among all the 
individuals sectioned any ripe females. All the mature individuals of 
the lot collected by me on July 4th from the Schuylkill appear to have 
been males. In no individual did I notice any difference in the position 
of the ducts, such as obtains between the two sexes in Pedicellina Bene- 
deni, — no trace of an incubatory chamber between rectum and the floor 
of the vestibule. 

In the male oigans two parts may be distinguished, — testis and vas 
deferens. The testis (Plate IV. Fig. 23) is a paired ovoid body lying be- 
tween rectum, intestine, and the floor of the atrium. In the flgure given 
one observes spermatozoa in various stages of development, the wall of 
the sac constituting the germinative epithelium. 

The vas deferens (Plate III. Fig. 18, Plate IV. Fig. 28) is an un- 
paire<l U-shaped tube, the concavity of the U being turned oralwards. 
The wall consists of a cuboidal epithelium which is ciliated, at least at 
the proximal end of the tube. 

The vas deferens of Umatella resembles in form that of P. Benedeni 
(Foettinger, '87, Plate X. Fig. 15), which in turn seems to be more com- 
plicated than that of Ascopodaria. 

Nervous System, — I have been able to make only a superflcial study 
of this system. The main ganglion (Plate III. Fig. 18, Plate IV. Figs. 
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22, 29, gn,) lies botwnon vas deferens and nephridium, is elongated trans- 
vcraelj, and slightly constricted in the median plane. One can dJHtin- 
gnisli a central region composed of fine fibres running transversely, and 
a cortical region of cuboidal, deeply staining cells with large clear nuclei. 
I have not succeeded in tracing any peripheral fibres from this gan- 
glionic mass, as Khlers has done in another Endoproct. 



III. NoN-sBXUAL Reproduction. 

1. ArchUfcture of the StocL 

rniatellu forms stocks by budding. As in other Br}'ozoa, the buds 
are normally produced in a very regular manner. I lielieve that I have 
determined the law in part, although it has exceptions, as the law 
of budding in every Bryozoan stock has. As Leidy has stated, several 
vertical stalks may arise from the same horizontal plate. A single stalk 
may remain unbranched, giving rise to new individuals at its distal end 
only, or it may give rise to branches which come off irregularly from a 
few sogmontM. Usually only one bnmch arises from a single segment, 
but occasionally two do so (Plate V. Figs. 35, 38). 

Tho Icnvrth of these branches and the number of their segments decrease 
towardrt the diKtal end of the main stalk, and the conclusion seems jua- 
tifiml that it is only at the distal end that they are formed. Kxcepting 
f«ir th('H4« iM'caMional branchcM, the lower si'gments of the stalk are Wre of 
any bninrhes or |M»lypides. The dintal cud, however, is usually crowded 
with |MilypidcH ho thickly as to make it difficult to count them or to de- 
termini' their |M>intH of attachment (rf. Plate V. Fig. 30). 

\ very caMual olm<>rvntion, however, shows that the buds fmm the 
main stalk are of two kinds; first, those which have given rise to a 
linear HC'rien of KogtntMits at the distal end of which is a calyx, and these 
an* what I have cuUihI firnnchf$ : and, secondly, those consiHting of a 
«/o/ofi.lik<> ppH^oHK, from one surface of which arise calyces resting ufHin 
a stalk of uHually one segment only. Tlie surface of the stolon u{Min 
which pfuch |Ki1ypides are placed is a definite one, namely, that which is 
tunx-il towardn the di.Htal eml of the nmiu stalk. The budded branches 
and alno the stolous are groufMMl u{k»ti the oral side of the adult stalk. 

In till* cl(>:m'Ht i*:iscs, in yount; or not t<Ni richly branched stiK.*ks, I 
find the bnmch anting on the oral surface of the sfginnit, and lietwcon 
two ^tnloUH. which are therefore more nearly lateral (Plate V. Figs. 37, 
38, 40. 4-J) 
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One may therefore say that usually the branches are median and oral, 
the stolons lateral. Again, the branches give rise, like the primary stalk, 
to two kinds of buds, branches and stolons. The stolons give rise only 
to stalks of one segment each, bearing a calyx distally. These calyces 
are so placed that their oral surface is directed towards the distal end of 
the stolon. I have not found more than two individuals borne upon a 
stolon. 

I have previously C91, p. 72) tried to show how all buds in the stocks 
of Bryozoa are to be referred back to embryonic tissue lying at the tips 
or margin. In Endoprocta, however, the extreme tips seem to be oc- 
cupied by a polypide, and the embryonic tissue lies in a zone at the base 
of the latter. This difference may be regarded, however, as only appar- 
ent, and the two conditions harmonized by conceiving the polypide in 
Endoprocta retracted into the stalk, below the zone of embryonic tissue, 
— the condition realized in Ectoprocta. The distal part of the stalk 
will then become terminal, constituting an apical ring of embryonic tissue 
surrounding the secondary atrial opening thus produced. From the oral 
portion of this ring new buds — branches and stolons — are, as in Pluma- 
tella, proliferated; and this process is repeated for each segment. At 
(or near) the apices of these incipient branches and stolons lies a mass 
of embryonic tissue which gives rise in the one case — branches — to the 
atalk, the polypide, and the Anlage of new buds; and in the other — in- 
cipient stolons — to the stolon and the Anlage of the individuals which 
bud forth from it. The differences between the branch and the stolon 
are, however, more apparent than real, as a comparison of the diagrams 
Figures 59 and 60 (Plate VI.) will make clear. In one case (Fig. 59) 
the mass of embryonic cells in any segment does not grow out far beyond 
the youngest individual produced from it; in the other case (Fig. 60) 
there is a considerable growth beyond the youngest individual. Thus in 
the latter case a long stolon is produced, in the former it remains at a 
minimum. 

As I have already stated, in most cases, particularly in young vigorous 
stocks, one meets with the condition which may fairly be called typical, 
in which from one segment three buds — one median (branch) and two 
lateral (stolons) — arise. This typical condition may be expressed by 
the formula on the next page. 

This formula will be understood by reference to the diagrams on Plate 
VI., of which it is a symbolic expression. The letters represent in all 
cases calyx-bearing individuals, the asterisks gemmiparous tissue. The 
capital A stands for the individual which forms the main stem under 
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oonaideratioiL Tho :tk immediately below it represents the embryonic 
mass situated at the tip of the stalk, from which all the gemmiparous 
tissue distributed throughout the stock has taken its origin. As tho 
stalk has grown, there have been left behind the embryonic masses repre- 
sented by 3|e. Three of these have arisen together, and the process has 
been repeated as often as segments have been formed. The separation 
of the segments is represented in tlie formula by a dash. Between every 
two dashes the same budding process is repeated. 

A 

* ♦ ♦ 



* 



3^ab JiHA A AMR bR3^ 

R R R 

R R R 

b 

R 



The median embryonic masNi'H (ifc) ^ive rise to the individuals a, \\ 
awl c, nn«l leave with each a dowry of embryonic tissue represented by . . 
Each of theiie individuals a, b, and c, with its enibr}'onic mass >,now 
artH exactly like A;^. Tho lutenil embryonic masses act precisely at 
do the meiiian oium. 

The typieal etmilition exprewied by the foreg(»iiig fonnula is not often 
perfeetly n*nlizt*il, for the MJiiiplc reason that the stock would thereby be- 
come loo cniwdeil. The more frec]ucnt modificationii are the alisence of 
the meiliiiii bud. the iilmtMice of one or Ixith of the lateral buds (ntolons) 
and, <»ccaBionally, the iipimrent Mulwtitution of a branch for a iitolon. 

The fi»n'^niii^ fdrinuhi in one of the most complicatcNl that it is necea- 

sarv to nmke for Itrvoz<»a, fur nowhere elHc are the embrvonic manses so 

• • • 

abundnut n^lntive to the |Hilypideii, or, in other wonln, nowhere else are 
■o many erubrvimic niriMHeii lN>nie by one in«lividnal. It in (piite com* 
ni«»ii niiioii;; t>tlier ii|MN*ieH to find three embryonic manses ariiiing from 
one . but here the formntion of triple mastH^s ih rc[>eAtcd as often as the 
nuiiil»er lif iie;;nieiits in the Htalk. This fact raisen the question of the 
Hipiifumrire of these segments, and leads us to discuss the subject. 
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2. Segmentation of the Stalk, 

Leidy ('84, p. 9) did not fail to call particular attention to the divis- 
ion of the stalk of Umatella into segments, and recognized their suc- 
cessive production *' through the process of division, very much in the 
same manner as in the production of the proglottides of tape- worms 
from a scolex.'* 

The phenomena of segmentation must have a special interest on 
account of the relation of segmentation and strobilization. I shall 
treat under this subject, first, of the phenomena of segmentation in 
Umatella; secondly, of the probable origin and significance of the 
process in this genus ; and, thirdly, I shall examine critically Leidy's 
comparison. 

The transverse septum, which is the first indication of the separation 
of the stalk into segments, begins to be formed at about the time that 
the lateral buds arise, and immediately below them. It arises, as already 
stated (page 8), as a ring-like fold of the ectoderm, whose free edge en- 
closes a circular orifice, through which the interiors of the two segments 
which are being formed are continuous (Plate IV. Fig. 24). By con- 
tinued growth of this fold the diameter of the orifice diminishes, never 
wholly closing, but leaving a space for the passage of the tubular cells, 
to which reference has already been made (page 7)« In this process the 
sheath of longitudinal muscles, which originally ran immediately inside 
of the ectoderm continuously from the base of the calyx to the last fully 
formed septum, becomes discontinuous at the place of the ingrowing 
fold, and the separated ends of the muscle fibres become attached to their 
respective faces of the septum. 

In order to discover the significance of this process of segmentation 
we must first study its distribution throughout the Endoprocta. Usually 
the calyx is borne upon an unsegmented stalk. Such is the condition, 
for example, in Loxosoma, Pedicellina echinata, P. Americana, and 
Ascopodaria. In other cases, Gonopodaria (Ehlers, '90, p. 146) and 
P. Belgica (Foettinger, '87, p. 301), there is a poorly expressed and 
highly variable segmented condition. In Arthropodaria (Pedicellina) 
Benedeni the stalk is distinctly and regularly segmented, there being 
{MirtitioDS and slight external constrictions. Finally, in Umatella we 
find the segmented condition still more sharply expressed. 

There is a suggestive parallelism between the fonuation of segments 
and the production of buds. While with one exception all species with 
unsegmented stalks produce no buds, and none have yet been described 
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as oocurring on Gonopodaria and P. Belgica, budding does occur to a 
slight extent on Arthropodaria, and still more profusely on Umatella. 
There is one genus, however, Bareutsia (Vigilius, '84% p. 8G), which buds 
sparsely and has an unsegmeuted stalk. Here, however, as in rmatella 
(Plate VI. Fig. 5d) and Arthropodaria ((), there is a septum between the 
branches and the main stalk. 

Finally, in all Pedicellinidic which have been studied carefully there 
is a septum between the stalk and calyx. 

One may bring these scattered facts of distribution of the septum into 
mmc Mort of unity by saying that in the Pedicellinid« every calyx and 
every lateral branch (where such exist;)) is {)artly cut off frum communi- 
cation with the interior of the mother stalk by septa. This is effected 
by the pnMluctiou of these organs at the place of junction of the calyx 
and the liitrnil buds to the ntulk, and in some cases also by the partial 
diviniou of the stalk itself into compartments by septa. The transverse 
septa must have either a morpholi»giciil i»r a physiological significance. 
They nu;;ht \m reganled as a i>art of the wall of Z4MiK:ia, e<|uivaleut to 
the ztHiM'ia of Paludicella, and therefore to l»e mor|>hologically equiva- 
lent to the septa of Paliidicella. On this hy|>othesis each segment of 
the stalk of rrnatelU would hi* an (incomplete) individual. The idea of 
the individuality of the segments would seem to t>e sustained by the fact 
that QucU ^ives rii^e to Kimilar buds, and that ap|»arently any segment 
hss the cnpacity of regenerating the hmt calyx, or end of the primary 
St. ilk. Oil the otlier liaiid, diHfti'pinietits might lie reganled as structures 
which had «,rrnwn nrr<»NH the originally unm>gmente<l stem to fulfil s<ane 
n«*«*«l *>{ the orgaiiiMii. ( *om]>arative anatomical studies seem to me to 
favor the Mvoiitl view. In I>»xosoma, and in nioHt marine Petlicellinidv, 
we find a htulk without diHMepiinents. In other fonim dissepiments 
arc f'*w and variable in nuinlNT, in still othem they are constant in 
ocourn'iire. aii>I from the segments arise buds. Finally, in Unmtella, 
the w'jm'*nt'* an* fM'|iarati*il by the dissepiments, each U'oanes more in- 
dividnali/i-'l.and liaH the eapaoity of giving ris** to buds having the Kjime 
arr:in;:«ii»ent. Th«* •litferentiatiou of the se|>arato segments has gone so 
far that mho cum hanlly sih' in the stalk of rmatella. resembling a string 
nf Ih:i.1*, tlie OM^uined iinHMith cylindrical htein of its PtHlicellinu-like 
an- 1 Hfi.rn. 

If »r H*««k f'T :in expl'inittoti of thc di*«He{iinientN, I think it in to he 
f.Hiiid III th«' pP.tiMtiMU tif the ht<>ck a^'aiiiHt tin* ititlui of water and de* 
fktn.xiii;: or.:MHHnin at the tune of tin- lo^s of lalyx or latenil brancheis 
rnhhh u«.uld make ngeneratioii imiM»HHihle. This in the nanie hypothe* 
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sis which I offered in a former paper ('91, p. 40) to account for the 
formation of a septum in Ectoprocta. 

In favor of this hypothesis are not merely the need of such an appara* 
tus on account of the frequeut loss of the calyx and the lateral branches 
through accident, and the fitness of this mechanism for the function, 
but also the existence of the special mechanism of radiate cells, covering 
over the opening in the dissepiment between the cal3rx and stalk, — a 
dissepiment which will be most useful in the manner indicated by this 
hypothesis, owing to the delicacy of the calyx and its liability to acci- 
dent. When the lateral branches or the terminal calyx become de- 
tached from the parent stem, we find that the pore in the septum, 
remaining behind as a part of the wall of the stalk, has become sealed 
by a cuticular plug. So also Ehlers ('90, p. 22) in Ascopodariiu In 
this case we can see the utility of the dissepiment, and can infer its 
value in those positions where it is not certain, but only possible, that 
it may be called into play. My conclusion then is, that the dissepi- 
ments have a purely physiological meaning, possessing a protective 
function, and that the segments of the stem are only physiological di- 
visions of a primitively undivided stalk, which have perhaps no other 
significance than that they are parts separated by the dissepiments.^ 

It follows naturally from the foregoing hypothesis, that the segmen- 
tation of the stalk has succeeded, rather than preceded, the condition of 
bud formation from the stalk, it being rendered desirable owing to the 
greater danger to mutilation to which the stalk is exposed. From this 
standpoint we can see why buds should be produced on each segment in 
a similar manner. The relative profuseness of budding in Urnatclla is 
explainable on other grounds. 

Examining more closely the relation of this process to the production 
of proglottides in a tape-worm, — accepting the view that the production 
of proglottides is fundamentally a process of continual regeneration of 
lost parts, — there seems to be an important difference in this, that the 
growth of the stock of Umatella is limited, more than ten or twelve seg- 
ments being rarely formed, while an indefinite number of proglottides 
are produced. The limited growth of the Umatella stem seems to indi- 
cate that the production of segments is not the production of new parts, 

1 Freely branching stocks of Hydroids have tiepta interpolated at the base of 
the hydranth, which is peculiarly liable to fall off, and sometimes in the middle of 
the stems. The occurrence of such similar structures throughout the two most 
profusely branching grou|>8 of Metazoa is further evidence for the validity of the 
physiological explanation of them which I have offered. 
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but the diviaion, progressiDg towards tbo calyx, of an originallj simple 
stalk into a number of imrts, — that the growth of the Umatolla stalk 
is limitM just as that of the Podicellina stock is limited, and for the 
same reason. 

3. OrieiUation of the IndimduaU. 

The orientation of the individuals of the stock seems to be here, as in 
Kctoprocta, a very detinite one. In Pedicellina and its close allies, as 
well as in Uniatella, the young individuals budded from the (larent 
stalk face the same way as the polypido of the parent stock. Seeliger 
('90, p. 571) has {Miinted out that in all the s|)ecies of Loxosoma tlie 
oncntatiun of the buds with reference to the parent is definite, but 
difTerent from that found in Pedicellina. llie orientation of the buds in 
Loxosoma (which urise, as in Pedicellina, on the oral side of the mother) 
is the reverse of that of the mother. Thus it comes about Uiat the 
oral aspect of the buds in the Pedicellinida) is turned towards the pe- 
riphery of the stock, that of loxosoma towards the centre. This is 
the same diflforcnce which has been found to prevail between the buda 
of Phylactoliemata and (Symnolieniutn, and as in this case, so in Kndu> 
procta the difTerenres may be Imnnonizod by a ditferent meth<»d of ex- 
presHJon. In all KndoffnHia the oml tifjtfti of the buiU is turned towartU 
the eentre of proli/emttoH. For in I^jxosoma new individuals are pro* 
ducinl Iwtwi^en the next older mid the |»arfnt stock, the centre of prolif- 
eration remaining; in tliM |NirLMit stoirk, while in Petlicellina it migrates 
away u|K>n the end of the stohm. The typical condition in Loxosoma ia 
represented by the formula 

a b c d • A; 

thiit of Pedicellina by 

• d c b a A. 

in whifh the UHtoriMkH repreik*nt gonuni|MiroUH tissue. 

Th«* L'<MH»nil Htfitemont of the n*lation of the as|>ects of the buds to the 
prolitrmtiiiLT rt*^ioii ik the n>venie of that which I have given for Kctu- 
pnnta (*'.M, p. 82). which n*a«U, " In l>oth Phylactohrmata and (Symno- 
hi'iniit.i, till* ff/i'i/ nN|KH*t is tumetl towards the g<*nimi|mnnis region.'* 
It tH iiii|Mirt:itit to not(*, howcvcT, that this <lifrerence com»tt|K>ndM to % 
«)it1'i ri-ii*-!* in n-NjHTt to the part of the alimentary tract which is fonned 
bv ttii' |ifiii<-]p:tl p<K<k**t of the atrium, for this in FLctopnn^ta givi*s riiie 
til tlii- |iMHtiTii»r p'irt of the I'ltMnontiiry tnirt ; in Kn(lopri»cta« on the con- 
trary, to the (intiTii'r fiart. The diireronccH in the priK:esH of budding in 
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tbe two groups can be harmonized, and at the same time the physiologi- 
cal nature of the differences indicated, by putting the statement thus : — 
In all Bryozoa, the formation of the alimentary tract begins at that end 
which is turned towards the gemmiparous region (cf. page 28). 

The problem of the difference in the method of development of the 
alimentary tract in Ectoprocta and Endoprocta, is the same as that of 
the differences in the development of the alimentary tract of Triploblas- 
tica in general. 

As is well known, the midgut in Triploblastica is produced by an in- 
vagination whose mouth — the blastopore — comes to be in some cases 
at the anterior part of tlie tract, in others at its posterior part. This 
variation in the method of formation has been explained by the hypo- 
thesis that the blastopore represents the opening into the gastro-vascular 
cavity of Coelenterates, which is functionally both mouth aud anus ; and 
that as we 6nd a physiological separation of the opening in many Coelente- 
rates^ so a morphological separation of the gastrula-opening into mouth 
and anus by concrescence of the lips of the blastopore in the mid-oral line, 
has occurred in the ontogeny of Triploblastica. In some cases both mouth 
and anus arise by this process, in other cases only one organ, the other 
arising secondarily, or (preferably) later. The part which arises later 
might be regarded as a new formation, or, following Caldwell ('85, p. 23), 
as derived from a part of the entoderm which had become separated 
from the greater part in the separation of the two extremities of the 
elongated lip of the blastopore to permit the placing of mouth and anus 
at opposite poles of an elongated animal. 

The application of these facts and their explanations to the facts of 
tbe formation of the alimentary tract in the Bryozoau polypide is evi- 
dent. Gastrulation takes place not in the act of first invagination of the 
inner layer of the bud, but in a secondary invagination from the bottom 
of the first formed sac The blastopore does not lie on the surface of 
tbe body wall, but has been carried below the surface, and it« position is 
indicated by the plane of separation of alimentary tract and atrium, 
where the roof of the gut and the floor of the atrium have been produced * 
bj concrescence of the lips of the blastopore. The atrium then is in 
no way lined by entoderm ; it is merely a precociously developed, pro- 
tecting pocket of the body wall, which occurs in that region in which 
invagination of the entoderm is to take place. The prininry atrial oj>en- 
ing is not at all the blastopore, as some authors have called it. 

1 Compare Seeliger, *89*, pp. 181, 182 ; so also in PHludicella. see my earlier 
paper, '91, p. 19, and probably in PhylactolnmaU, cf Krapclin, *92, p. 83. 
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Mj oonception of the relation of the proceises of atrium formation and 
gastrulatioQ will be more easily understood if we compare the formation 
of the poljpide with the early stages in the development of the egg of 
Sipunculus, as given by Hatschek ('83, pp. 78-81). Here gastnilation 
occurs only in the depths of the invagination at the vegetative pole ; the 
more superficial part of the cavity is the trunk amniotic cavity. This 
corresponds to the atrium of Bryosoa, and, like it, is lined by ectoderm. 

The concrescence of the lips of the blastopore takes place slightly 
differently in Endoprocta and Ectoprocta, so that in one case the blasto- 
pore persists in the region of the permanent mouth, and the procto- 
dflBum appears later ; whereas in the other case the blastopore persists 
in the region of the permanent anus, and the stomadseum arises later. 

Jn all BryotoOf however, the main ganglion ariie$ in the region of con* 
ereseenee, precisely as the ventral nerve cord is now known to do in most 
invertebrates. Thus additional support is given to the idea that the 
ganglion of Bryoioa is a iubcesophageal one. 

4. I/istologjf (/ the Buds, 

The histological ttrudure of the branches is exactly like that of the 
parent stalk. The minute structure of the stolons deserves a word of 
description. The base from which the individuals arise is filled with 
mesenchjniatous cells, which at the distal, growing end are closely 
packed and dooply stainable (Plate VI. Figs. 51, 57, «<o.). Some of the 
ccUh are difrcrentiate<l into muscle fibres, which run up into the stalks 
of the individuals that have arisen from the stolon (Fig. 57, mu,). The 
epithelium at the distal end of the stolon is composed of cuboidal or 
slightly elongated cells. At the base of the stolon the epithelial cells 
are greatly elongated and clciscly pacrkcd together (Figs. 51, 57, d, teeJ). 

At the point of attachment to the parent stem the stolon is consider* 
ably coimtricUNl, the epithelium forming an inward fold surrounding a 
small o|M*ning through which the parenchymatous tissue of the bud and 
the mother Htnlk are continuous (Pinto VI. Fig. 58, c/i. m/>.). Between 
the Inyem of this circular fold is secreted a cuticular disk, perforated at 
its centre. 

5. Formation of Xfw Stocks. 

Thr ilrvolopment of I'niatella from tlio egg hns never been seen, and 
I wnn niitumlly anxioim to got enibryolo^Mcal material. On looking over 
my preserved niaterinl I f«>und nn trace of eggs, although there were 
many ri|K* iimles. I have no direct knowledge, therefore, as to whether 
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I was too early or too late for embryological material, although from 
8ome indirect evidence drawn from what follows I am inclined to think 
I was too early. 

. The youngest stocks found I obtained in large numbers, and they 
were of almost exactly the same age. Moreover, they agreed with the 
youngest stages found by Leidy and figured by him ('84, Plate I. Figs. 
5, 6, 7). I have represented some of these in Plato V. Figures 31, 32, 
and, enlaiged, in Plate II. Figure 15, and Plate V. Figure 46. 

I have already (pages 3-6) called attention to some of the characters of 
the stalks of these young individuals. It remains to mention the '' basal 
plate '' of such stocks. 

Unlike its condition in the adult, the '' basal plate " is a relatively 
large organ of elongated cylindrical form (Plate II. Fig. 15). Its outer 
epithelium consists of sharply demarked cells, cuboidal above, columnar 
below. This epithelium has given rise to a cuticula thin and dense 
above, and thicker and less refractive below. The columnar cells are 
somewhat less deeply stained than those at the end of the '' basal plate " 
farthest from the two stalks. Their nuclei lie at their inner ends. 
The outer part of the cell contains spherical masses of granules. On the 
whole, it stains less deeply than the inner end. Finally, one always 
finds particles of dirt closely adherent to the under and lateral aspects 
of the basal plate. 

' These facts I interpret as follows. The columnar cells of the under 
side are glandular, and secrete a sticky substance which causes the ad- 
herence of the surrounding particles of dirt, and thus serves to anchor the 
young stock.^ The tissue of the interior of the '* basal plate " is remark- 
able, and difficult of interpretation from sections alone. In such sections 
one sees bands running through the middle region and crossing at various 
angles. Each of these '' bands " is a nucleated cell, and probably repre- 
sents a muscle fibre (cf. Plate V. Fig. 46). One sees also fibres having a 
different appearance running radially from the base of the stalk to the 
columnar cells of the " basal disc " over quite a long stretch (Plate II. 
Fig. 15). In addition to these protoplasmic structures there are long 
clear spaces which are bounded by thin membranes and contain occa- 

1 Seellger ('90, p. 578) finds in Pedicelltna a glandaUr differentiated zone on the 
bate of the stolon, where It comes in contact with foreign bodies. This, he says, 
can be traced unbroken through the entire length, especially in yoang stocks, con- 
fisting of few individuals. The foot gland of Loxosoma is an organ fulfilling a 
function similar to that of the glandular cells of the stolon, but an homology of th« 
two organs can hardly be maintained. 
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Bional nuclei. These are the tubulur cells already referred to. Some of 
them contain the a^hitinated cilia chanictcriRtic of llame cells, and they 
arise from lurgo cells, which must indicate the beginnings of the excretory 
tubules of the stalk already mentioned. 

What is the meaning of the fact that no younger stages than these 
occur, although such and all older stages are abundant) Have these 
young stocks been derived from fertilized eggs, or have they some other 
origin t 

I have already referred to the fact that the great mass of the buds of 
any Tmatella stock are found at the upper end of the parent stalk. The 
lower and middle parts of the stalk (K)ssess few buds, although they once 
constituted the up[K*r end of the stulk. What has become of the buds 
which have been losti l^eidy asked this question, and the facts letl him 
"to sus()ect that the brniichcs are sp<intaneously and liabitually detached 
from the parent stem, to iK'come elsewhere attached, and thus form new 
colonicH.'* I have evidence that raises the suspicion of Ijoidy to as near 
certainty as can l>e obtaine<i by use of the morphological methml. The 
** ^mntjfttt iiocl's " are drrivfd from the ttolons n/ the jKirfnt fdilk^ which 
hahituaUy Itftomf frtt for the purjioite of foundinfj new ttacl'S, 

Tu e-Htablish this pro|K>sition it will 1h3 neccHSiiry to show, (1) identity 
of structure between old lateral buds and young storks, and (2) the 
scar of attachment of the young stock to the {tarcnt stalk (cf. Plate VI. 
Fig. r>S). (i( identity of Ktructure there can l>o no question. Often it 
would have Ihmmi <|uite im]MmHible to distinguish l)etween young stocks 
and ** stolons** which had \h*vu violently broken off from the {larent 
stalk and wen* lyin^l(H»Ho in tlie bottle, were it not for a single criterion, 
namely, the yoiiti^ stocks had dirt adhering to their lower surface. An 
application of the m^con<l rriterion leiuls to the same |M>sitive result. In 
scries of thin hectious of young stocks one can always find at one side 
of the medi:iii |tlune the w*ar of former attachment, which appears as a 
thiekeniui: of the mtieula into which cH'tmlernml cells may sometimes lie 
siMMi jH'tM'trntinir (Plate V. Fig. 47). Wo have here, then, a method of 
n'»n-H4*\ufd propnifiition quite similar to that obtainitij^in I^>xosoma, when* 
the biidM liiibitiially drop off, so that this genus is couunonly said not to 
be Ht«H k-pr«idiiri!i;:. Thin reHetnblance must U* re^irded as U'ing pundy 
a phyHinloirirtil I. lie, find Hft in the least implying any closer relation- 
ship "f til*' two u'''iifni. 

I h:ive ulready etpresned my l)olief that the stolons are thrown ofTrrir^ 
ularlv /'T the purjntse of ftnuulin;,' new stf>cks. <>n tliis assumption w^ 
can nrco'int for the npid i^rowth of the embryonic tissue giving rise to a 
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stoloD-like body, which will become a basis of support for the new stock, 
the '^ basal plate." Que can thus account for the thickened cells of 
the under side of the stolon, which appear before detachment (Plate VI. 
Figs. 51, 57). The question remains, Do the median branches play a 
similar r6le to the stolons? I do not think they do, for the reasons, 
(1) that, having no basal plate, they are not physiologically fit for form- 
ing new stocks; (2) that I have found no new young stocks having 
one parent stem with one or two generations of budded individuals, — 
the condition of the median branches ; (3) that, on the contrary, one 
often finds such median branches persisting on even the lower segments 
of the stock. (Plate V. Figs. 35, 39, 40. Compare Leidy, '84, pp. 8, 9, 
Plate I. Fig. 4.) Since the median branches frequently persist as a part 
of the parent stock, — they are not produced in the first place on every 
segment, — I conceive their function to be the increase of the number 
of proliferating points in the stock itself. 

Starting with the young stock, one can find all stages of growth up to 
the most complicated conditions (Plate V. Figs. 33, 36, 43, 44). Dur- 
ing the growth of the stock the basal plate gradually undergoes changes. 
The parenchyme becomes filled with yolk globules (Plate V. Fig. 49), 
and the cuticula becomes thick and dark. 

Concerning the morphological significance of the basal plate a few 
words must be said. I regard this as a stolon morphologically equiva- 
lent to the stolon of the Pedicellinidse. In the latter group, as is well 
known, the individuals are budded from the upper side of a repent cy- 
lindrical stolon, which constantly produces new buds at the growing end, 
and which becomes separated into segments by the formation of trans- 
Terse dissepiments. There is no such stolon in the adult Urnatella, 
which is sharply separated from the Pedicellinidse by this single charac- 
ter. The presence of a stolon in the young stock indicates a derivation 
from an ancestral condition possessing a stolon in the adult. 

If, however, the " stolon " of the young Urnatella stock is homolo- 
gous with that of the Pedicellinidse, we ought to find it, sometimes at 
least, giving rise to more individuals than two, and perhaps becoming 
segmented. Both of these conditions are occasionally fulfilled. Leidy 
observed that three, four, or even five stems may arise from a com- 
mon ** basal plate." I have observed only three with certainty. Two 
cases of this are shown in Plate V. Figs. 48 and 49. In the first of 
the two cases distinct perforated dissepiments were observed dividing 
the stolon (basal plate) into three segments, out of each of which a 
single stalk arose. 
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6. Formation of the IndimduaL 

Receot careful studies ou the formatiou of the individual in other 
Endoprocta, especially bj Seeliger ('89*), render a detailed study of this 
process loss necessary. There are a few points concerning the physio- 
logical rather more than the morphological features of this process which 
I have attended to in this case in order to test certain conclusions which 
I had arrived at from the study of the earliest stages of budding in 
Ectoprocta. 

Fimt, the budding regions are areas of cuboidal cells, with relatively 
large nuclei and deeply staining plasma. Such a condition is found in 
both the ectoderm and mesoderm of the proliferating region (Plate VI. 
Figs. 50, r>7). The relative enlargement of the ectodermal cells, and 
St the (»ame time a bending of the whole layer outward, give rise to 
the first fundament of the new individual. The musculature of the 
new individuals is certainly not derived directly from that of the old 
stalk, fur this takes no part in the outbending. Upon the apex of the 
cylindrical protuberance thus formed the polypide is produced. The 
details of this process I have not followed. 

Secimdly, the position and time of origin of the buds arising from the 
stalk are very definite. They make their appearance in a sone lying in 
the lower part of the segment (Plate VI. Figs. 50, 58-60), and shortly 
afU*r the formation of the dissepiment which lies just below. 

()ne of till* qucHtioiis the re-examination of which most interested 
me was that of the origin of the alimentary tract, since this is stated to 
arise tliflforfntly in Kndoprocta and Ectoprocta. 

In nn optirul section of the whole bud (Plate VI. Fig. 53), it oould 
be seen tlmt the atrium was connected with the young alimentary traet 
at the oral end only. The same thing is shown in the series of trana* 
veme Bocti«>nii, Figures 54-5G, in which the distal (anal) part of tbe 
atrial chaiiilier is not confluent with the rudiment of the alimentary 
tract which touches its floor, Figure 54, but the two organs are con* 
fluent lit the pn>xinml (oral) {Mrt, Figure 56. Figure 52 is from an 
optical longitudinal section of the bud shown in Figure 53, taken in % 
pintle fH*r]H*ii«liniljir to that of Figure 53. Here the alimentary tract, sf. 
(Fi^ •>!* ; 5^1. Fi»;. T).!) in UMug ctmntricted ofi* from the atrium. 

Like xho viHih:; l.uti. the growing tip of the stolon possesses an ecto- 
derm c«m«i!ttiTii; nf Innre cub(»idal cells (Plate VI. Fig. 57). The mesen* 
rhvn)at«tUK t inane alw* consists of thickly crowded, undiflerentiated, and 
dei*|il\ KtAiiung cells (Figures 51, 57). 
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7. Begeneration. 

Like other Endoprocta, Urnatella has the capacity of regenerating 
its lost calyces. Leidy ('84, p. 13) had already observed this process, 
and Potts and I have (as previously mentioned) seen the same thing. 
Figures 3 and 2 (Plate I.) show some of the phenomena of regenera- 
tion. The formation of a new terminal calyx seems to be preceded 
by the formation of the stalk part of the new terminal individual. 
This new formation takes place in one of the segments near the distal 
end of the parent stalk. The terminal dissepiment of the segment, 
cutting it off from the outside world, is completely closed in its cen- 
tre by a cuticular plug. This cuticular dissepiment (Fig. 2. di. sep. 
at the left) becomes torn off from the lateral cuticula of the segment 
along one edge, sometimes, as in the figure, remaining attached at 
the opposite edge. I have given on Plate I. (Fig. 3) a drawing of 
•uoh a regenerating stalk before the polypide has budded from its 
walL The outer body wall has evidently taken the initiative in the 
process, and mesenchymatous cells have migrated in. The drawing 
(Fig. 3) was made from the living animal, and the mesenchymatous 
cells could be seen changing form like an amceba. The amceboid 
oellfl also contained highly refractive granules, which I regard as food 
material These granules were seen moving about in the cells as the 
latter changed in form. 

One striking feature of the young segment was the presence of two 
flickering organs, which I now fully believe to be flame cells with their 
tufts of fused cilia. I have elsewhere (*91, p. 39) called attention 
to the part played by amodboid cells in Paludicella on the nutrition of 
the young buds. I believe that the amoeboid cells here have the same 
function. 

Leidy C84, p. 13) has suggested that the segments of Urnatella might 
function as statoblasts to preserve the species during the winter. Of 
the correctness of this suggestion I have no doubt. The ease with 
which regeneration occurs from the old segments, and the fact that in 
stalks in which the calyces have been for a long time lost one sees the 
cirri of the flame cells still flickering, show that the tissue surrounded 
by the thick cuticula of the segments has a great capacity for retaining 
life, and, under favorable conditions, for reproducing lost parts. In their 
role as statoblasts, the segments need the yolk stored up in their cells 
daring the summer. 
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IV. Affinitibs of Urnatella« 

From tl)o frequent opportunity that I have had succeBsfully to oonv- 
paro the organs of Uniatella, oven in detail, with tliose of Pcdicollina 
and allied genera, there remains no doubt in my mind of its close rela- 
tionship to those furros. Arthropodaria, eHpecially in its segmentation 
of the stem and the associated budding process, seems most closely to 
resemble Umatella. In three points of importance, however, Umatella 
differs from other Pedicellinidsc, namely : (1) in the possession of a cloaca 
(and alwcnce of a brood-sac 1) ; (2) in the presence of water or excret«>n' 
canals in the stem and calyx, — which are so striking that they could 
hardly have been overlooked if they occurred in other Pedicelliuide; 
and (3) in the almouce of the stoloniferous ty{)e of budding. 

Ah for the last diflerence, however, I have tried to show that there is 
a stolon from which the individuals of the Urnatella stock arise, although 
it is small. Whether this nidimontary condition of the stolon is an 
ancestral or a degenerate character is doubtful ; 1 have been inclined to 
c<)iiHi<ler it the latter. 

In regard to the first difference, I must [>oint out that in the male of 
Arthn)|M><lAria there is a condition resembling that found in Uniatella, 
for in the furmor gonus (Foettinger, *87, Pluto X. Fig. 8) the anus, vas 
deforvUH, and excretory tubule oihju n«'ar tt»gether. 

The He<*on<l difffreuce concerns a very important set of organs, and if 
they hhouM Ik; nhown to l>e indee<l absent in Arthropodaria Kenedeni, it 
WfMiM lend UH to conelnde that in one n*s[»ect at least, |>erha|Mi owing to 
physiulogieal neeilM, rmatella has retained a more aucestral condition 
than its near ulliea 

V. Affi.mties of the Hryoeoa. 

Then* art* three prevailing views concerning the relationship of ike 
Hrvi>rMn to other irroufm* Acconling to one view (most recently and 
ably dt'fi tided by Khlept) they find their nearest allies in the Uephyroa ; 
mvorhii;; to the Hoeoud view, they have sprnng from the lower worms, — 
frtitii K'<>tif(T-lik<- nnee^tors. The third view (that of llatschek) assumes 
that I>tM|,nnta und KiwlnpnM'ta are in fart not clos4»ly ri>late<l, but that 
the former nhniill W plnr«*d near the (ie|ihyrea^ the latter close to ths 
UotiftTrt. 

Tlie n-nvMiis fi,r thin ditferenro of opinion are not far to seek. Tlioas 
who have U^'in tlieir ntinlies with the Mctopnnrta, |>articularly with 
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their anatomy^ have been struck by their resemblance — especially in 
the possession of a body cavity and of a tentacular corona — to the 
Gephyrea, and particularly to Phoronis. Those, on the contrary, who 
have devoted their studies chiefly to the Endoprocta, and especially to the 
development of that group, have urged the second view. The third view 
seeks to reconcile the two conflicting theories. I favor the second of the 
views given above because of certain considerations which follow. 

I propose first to show the untenableness of the third view. It would 
then be nearly sufficient, in deciding between the two remaining views, 
to show that the Endoprocta are the more primitive group of Bryozoa ; 
but in addition to this, I shall offer positive evidence of derivation of the 
Bryozoa from the lower worms. 

The chief argument for the diphyletic origin of Bryozoa rests on 
these three important differences between Ectoprocta and Endoprocta : 
(1) that of the tentacular corona, which includes within it the anus in 
one case, and leaves it outside in the other ; (2) that of the body cavity, 
which is absent in one case and present in the other ; and (3) that of 
the kidney, which is a pronephridium in Endoprocta and (it is alleged) 
a metanephridium in Ectoprocta. 

I have, in an earlier paper ('91*, p. 103), shown that the difference in 
relations of the anus to tentacular corona is completely and satisfactorily 
explained by the study of the development of the polypide, in which the 
closure of the tentacular corona between mouth and anus is effected only 
at a relatively late stage. 

Concerning the second of these differences, Ehlers ('90, pp. 152, 154) 
has already well argued that it cannot be so fundamental, since other un- 
questionably closely allied groups (e. g. Hirudinea and Chsetopoda) differ 
similarly. Moreover, the difference between the " body cavity " of Gym- 
nolasmata and Endoprocta is one of degree, not of kind, for in both cases 
we have to do with parenchymatous tissue more or less completely filling 
the primary body cavity. The existence of spaces in the midst of the 
parenchyme of Gymnolsemata may be accounted for (following Harmer, 
'85, p. 64, see also Lang, '88, p. 77) on the physiological ground of the 
necessity of a space into which the polypides can retract In Phylao- 
tolsemata this parenchyme has become, in part, a very definite '^ coelomic 
epithelium," although, as I have pointed out ('90, p. 128), showiug 
traces of its parenchymatous origin. 

Upon the alleged differences in the kidney, no argument can be based, 
simply because the existence of an excretory tubule in Ectoprocta is 
very uncertain, being at present not even probable. 

VOL. XXIV. — KO. 1. 3 
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A fourth difference, which I do not remember to have seen mentioned, 
concerns the position of the sexual glands. In £ndoprocta they ariM on 
the polypide and are connected with the atrium by a special duct. In 
£ctoprocta they arise on some port of the body wall. In all cases, how« 
ever, they arise from the mesenchymatous tissue, or its equivalent, the 
oa*lomic epithelium. The exact position is not signi6cant, for even 
within the group of Phylactolsemata wo find the testis arising sometimes 
on the funiculus (Plumatella), sometimes on the body wall (Cristatella), 
and in neither case at the same place with the ova. 

On the other hand, the resemblances between Ectoprocta and Endo- 
procta are striking : in both a curved alimentary tract, with tentacles 
of similar histological structure ; in both, an atrium originating in the 
same manner ; the central nervous system in both alike in position, 
form, structure, and development ; in both the polypide originating in 
comparable ways, involving the same problem of the relation of the germ 
layers to tlie organs of the bud. Moreover, there must remain unmcn- 
tioned many minor resemblances which individually arc not very signi6- 
cant, hut which, occurring together, furnish a most powerful argument to 
the mind of one studying the animals themselves. 

Hatschek's view seems to me, therefore, untenable, and it remains to 
inquire whether the Hryozoa have been derived, accompanied by degen- 
eration, fnnn an Annolidan ancestry, through Gephyrean-like forms,* or 
whether they represent a persisting low type. As we have seen, the 
first hypothcHis must be relin(|uished, if it can be shown that the Kudo- 
pn»cta are the more ancestral type. 

In any group of sessile, colonial animals, we should expect the mors 
anceiitml tyf^e to retain more distinctly its individuality, to possess in a 
mort* marketl degree features l>elonging to a free, non-colonial life, and 
in a \vHH marked degree those Iwlonging to a sessile, colonial one. Thus 
in itH <levelopment the group will lose certain characters and gain cer- 
tarn others.' A well marked individuality accom|)anied by a simple 

> At it vHl known. llaUchek CBS. p 69) hat long msintained that Phoronit and 
th« SipuncuUcrr h^tv not h««o <l(»riv*<1 from Annelidt at the Kchiurida hav«, bat 
from UDtefrm«'nted an(*rttort; and thit view fiat become verj «i<lely accepted. 
Khler*. however, teemt to adhere to the older view. Whatever the truth may be 
In reiranl to thit matter, the validity of my argument haae<l on embryology and 
eomparatiTe anatomy nmcemlng the abtence of elate relationthip between Pho* 
ronit and Hryoioa it not afTt'^'ttMt 

' Ijkun <'HH) hat th(»wn. hy an inttroctive analyiit. that in teeaile animals loco- 
motor and tcnte organt. the nervnut tyttem. and the mutoulature tend to degener- 
ate, and that the tentaclet and protective coverings hecotne more important 
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method of budding (Loxosoma) ; a relatively poorly developed, incom- 
pletely retractile lophophore ; a complicated system of sense organs 
and nerves (Loxosoma); sexual and excretory ducts; a typical larval 
(trochophore) form, — these distinguish the Endoprocta. On the other 
hand, the Ectoprocta are marked by a loss of individuality (existence 
of CQBnoccDl, Phylactolaemata), by a highly complicated lophophore pro- 
vided with means for complete retraction, by absence of a complicated 
nervous system (small ganglion of Gymnolsemata), by absence (?) of sex- 
ual and excretory ducts, and by abbreviated larval life (passed within 
the body of the mother). 

Stronger than this argument is the fact that in the development of 
the tentacular corona and of the alimentary tract — at first without a 
cuecum — Ectoprocta pass through stages more nearly resembling the 
adult Endoprocta condition than their own adult condition does. 

These facts seem to me to prove, if morphological principles can be 
relied upon, that Endoprocta are nearer the ancestral form of Bryozoa 
than Ectoprocta. 

Admitting that the Endoprocta are more ancestral than the Ecto- 
procta, I cannot conceive how any one can maintain a close relationship 
with Phoronis. For the line connecting mouth and anus is in Endo- 
procta ventral, while the corresponding line in Phoronis is dorsal, as 
Caldwell ('83, p. 372) has shown, and the kidney is a metanephridium. 
These facts far outweigh, in my opinion, similarities in tentacular corona, 
epistome, and bent alimentary tract. 

The absence of a true body cavity, and the existence of a water or 
excretory system ending in flame cells, point conclusively to an origin of 
Bryozoa from the lowest worms. For such an excretory system is found 
elsewhere only in Platyhelminthes, Kotifera, and in a modified form 
in Nemertines (Biirger, *91). On the other hand, the existence in the 
stalk of epithelial (in addition to mesenchymatous) muscles looks like 
an advance beyond Kotifera and Platyhelminthes. But it does not fol- 
low that such muscles existed in the ancestors of Endoprocta ; they 
may have been produced by causes similar to those by virtue of which 
they occur in Nematodes. 

Hatschek ^77, p. 528) suggested, and Harmer C85, p. 11, 35) has 
since shown, that the ganglion of the Endoprocta is to be regarded as a 
subcesophageal ganglion. Zelinka's ('91, p. 337) discovery of a subce- 
sophageal ganglion in Rotifers is interesting in this connection, as mak- 
ing more probable the assumption necessary for the preceding view, that 
the ancestor of Rotifers and Endoprocta possessed such an organ. 
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One cannot refrain from noticing the similarity in tho relations of the 
" under lip" of Rotifers (Zeliuka, '91, Taf. III. Fig. 55) and the epistome 
of Bryozoa (cf. ako the foot of Mollusks). 

Zelinka has also shown (p. 397) that in Callidina at an early stage 
two lateral folds ap[)ear on the ventral side of the embr}'Oy enclosing be- 
tween them the mouth and under lip. These folds extend along about 
one half of the length of the embryo. Later they become relatively 
shorter, and finally form the lobes of the wheel organ. They have also 
precisely the ponition of the lophophoric ridges of I'lctoprocta at an early 
stage, as I have figured it ('91, Fig. 25), lying on each side of the mouth 
and ganglion. They have also the same relations as the ridges from which 
the gill filaments arise in Lamellibranchs. Lankester's (74, p. 80) view 
of the homology of the tentacles of Bryozoa and gill filaments of L*amelli- 
branchs is thus strengthened. 

Fiimlly, there is l)etween Hotifers and Endoprocta a striking similarity 
in the position of anus and urogenital ducts, which in Umatella, as in 
Hotifers, o(>en into a common cloaca on the subcDsophngeal aspect be- 
tween mouth and anus. iSuch a resemblance is especially striking in 
footleiM genera like Asplanchna (which, however, has no anus, cf. Ma- 
sius, '91, fig. 1) and Hertwigia (L. Plate, '85, Fig. 7), — genera resembling 
more nearly the ancestnil form, since the foot, lying l)ohind the anus, 
must Im) ronsidenMl as a m^condarily pnxluced appendage. 

To sum up : Tlie einbr}'<>l<)gical as well as the anatomical evidence 
seems to sustain the view that Bryozoa are closely relntt^d to liotifem, 
the two gn»iips having spning from an anci*st<»r which was common to 
them and Mollusks also ; that after the Rotifer stem had branched off, 
t)i«* commou Mttlliinco-nryozoan stem produced tentaclos on the lateral 
rifl^es ; that tho two grou|>8 then soon se|Mirate<l, the M(»llui«ca to un- 
dergo an I'XteuHivv an<l complicnteil development, the Bryozoa to remain 
at a h»w level. The chief changes which the Bryozoa have experience«l 
are (1) the atM|(iiring of a Inxiy -cavity thn>ugh the relative decrease in 
amount of the nu*s4*nchyme, that which remains forming an epithelium 
(IMiylactol.imata); (2) the loss (?) of the pnttttnephridia and sexual 
duets in F^'to|»r«)Cta ; (.3) the loss of the epiHtome ((!ymnohematii) ; 
( t ) tho 1(MS of the pn*oral ^iin;;lion ; (5) the ac4]uiring of u c<ecum (Fc- 
toppK'tii) : (t^) tlie mtilli|»linition of metlKNls of reprodnction. by regen- 
eration, by bu«l«iing (without and with 8to<'k-fonnatitin), by divisi4»n of 
HttN-ks, and by fitatoblosts. 

(*AiiRatiMii. SrpCriiiU r 27. 1H92. 
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Summary. 

The segmented 8tem of Urnatella consists of a two-layered cuticiila ; 
an outer epithelium (ectoderm) consisting of cells flattened except at 
the transverse septa and at the distal end of the stalk ; and an axial 
portion consisting of elongated cells^ many of which are vacuolated, and 
aorrounding which there is no intercellular substance. (Pages 4, 5.) 

The musculature of the stalk consists of radial sheets of flbrillse, sev- 
eral of which develop in a single cell. (Pages 5, 6.) 

Many of the vacuolated cells of the stalk end in flame cells like the 
water or excretory tubules of Platyhelminthes. (Pages 6, 7.) 

Yolk is developed in the cells at the base of the stalk, first as fine 
intercellular granules, which later fuse, this process being accompanied 
by cell degeneration. (Pages 7, 8.) 

The lip of the atrium contains a sphincter, and resembles in its rela- 
tions the "margined thickening" of Ectoprocta. (Pages 9, 10.) 

•The epithelium of the tentacles encloses a parenchymatous core. A 
pair of muscles is present. (Page 15.) 

The alimentary tract resembles that of the Pedicellinidee, except that 
the lower wall of the rectum and the upper wall of the intestine are in 
close contact. (Pages 11, 12.) 

The nephridial tubules end blindly in flame cells, and open into a 
cloaca, into which open also anus and the vas deferens. (Pages 1 4,15.) 

Two kinds of buds arise from the Urnatella stalk ; *^ branches," which 
are typically median, and ''stolons," typically lateral. (Page 16.) 

The segmentation of the stalk is probably an adaptation to the pro- 
cess of budding, which is accompanied by a greater liability of the wall 
of the stock to rupture, and therefore by a greater nee<l of separation of 
the stalk into compartments. (Page 20. ) 

In all Endoprocta the oral aspect of the buds is turned towards the 
centre of proliferation, and in all Bryozoa the aspect in which that end of 
the alimentary tract which arises from the principal outpocketing of the 
atrium lies is turned towards the gemmiparous zone. (Pages 22, 23.) 

The youngest stocks found consisted of a stolon bearing two indi- 
viduals. This has been derived from the '' stolons " of the parent stalk, 
which habitually become free for the purpose of founding new stocks. 
(P«ge 26.) 

Urnatella is, structurally, one of the Pedicellinida) and most nearly 
resembles Arthropodaria Benedeni. (Page 30.) 

The Bryozoa have probably been derived from Rotifer-like ancestors. 
(Pago 34.) 
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Roax, ii. 71. 
Saefftigen, i. 128. 
Seeliger, i. Ill, 122, 123, 126, 127 ; ii. 58, 

55-61, 88, 96, 100-102, 104 ; iii. 22, 23, 

25,28. 
Semper, it 72, 84. 
Smitt, L 121 ; u. 34, 50, 52, 72. 
Stulilmann, ii. 99; iii. 8. 
Tullberg, ii 16, 29. 
VerriU, ii 46, 48, 49, 88. 
Verwom, i. 130, 140. 
Vigelins, i. 123, 126, 128, 186; ii. 34, 53, 

60, 62, 67, 90-92 ; iii. 20. 
Wagner, F. ▼., ii. 87, 100. 
WeismaoD, ii. 72, 88. 
WiI»on, H. v., ii. 2. 100 
Zachariat, ii. 87. 
Zelinka, ui. 83, 84. 
Zoja, ii. 87. 

BlOLOOT. 

Continoity of germ plasma, ii. 12. 
Fresh water, effects of, on larral stages, 

U.89. 
Sestility, effects of, on Bryozoa, iii. 32, 33. 
Sex, iii. 15. 



BUDDINO, GbNIRAL. 

Architecture of the stock, L 103-106, 121, 
122; ii. 2, 3, 41-52, 84-86; iii. 16-18. 



quincunx arrangement of individuals, 
i. 104 ; ii. 85. 

spiral arrangement, ii. 80. 
Cause of cell proliferation in B., ii. 102. 
Distribution of embryonic tissue in stock, 

ii. 72, 74 ; iii. 17, 18. 
Dependence of B. upon 

economy of space, ii. 86. 

embryonic tissue, ii. 72, 74, 97, 100-102. 

food supply, ii. 86, 87. 
Formation of new stocks, iii. 24-27. 
Germ layers, homology of, in B i. 126 127. 
Knospungszone, ii. 84. 
^teral B., i. 121. 

Laws of B., i. 105, 106; ii. 8, 4:^2, 71- 
87; iii. 16,18,21. 

deviations from law, i. 105; ii. 8, 43, 
51, 52 ; iU. 18. 
Margin of Corm, i. 104, 105, 118, 119; ii. 

4, 58, 55. 
Orientation of Individuals, i. 108, 104, 
122; ii. 8, 8, 82; iii. 16, 17,22. 

with reference to proliferating centre, 
i. 122; ii.3, 82; iii. 22. 
" Samknopp " of Smitt. i. 121 ; ii. 52. 
Stolon, i. 121 ; ii. 70, 71 ; iii. 27, 80. 
Tail end, ii. 84. 
Time and place of B.. i. 104-106, 108 ; ii 

7, 9, 56, 86 ; iii. 28. 
Tip of stock, ii. 4, 5, 14, 72, 70, 86 ; iii. 17. 

Bdddino, Special. 

Annelida^ ii. 84, 85. 
Brifozoa, 
Dichotomy absent in, i. 105; ii. 42,48, 

80, 81, 86. 
Homology of branch and stolon in 

Umatella, iii. 17. 
Polypide, origin of, i. 106-111, 121-127 ; 
ii. 4, 7, 18, 27. 54-56. 72-81 ; iii. 28. 

layers of, i. 107-110, 123-125; ii. 

54. 69, 70, 95, 96 ; iii. 23. 

primary, ii. 69, 70, 89, 90. 

Unity of development of polypide 
throaghout B., iii. 23, 24. 
HydroidM, ii 82, 83. 

Dbobhsbation, iL 64. 
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Bi]LLrriK or the 



DitTBlBUTIOIf. 

CritUtelU, i. 103 ; ii. 2. 
FredericeUA, i. 102. 
Qjmnol«maU, U. 2. 
PBladicella. ii. 2. 
PlumateiU, i. 102; ii 2. 
UroatelU, Ui. 2. 

Qsourt. 
Frotoxoa, ii. SO. 
CUiata, U. 99 ; Ui. 4. 
Grtgarinid*. ii W. 
Pon/erOt ii. 100. 
Cm<bma, i. 126; U. 94 ; Ui. 28. 
Hjdra. i. 121 ; ii. 87, 89. 
Ujdroidea, Ui. 21. 
Pennaria, ii. 88. 
Haiif temma. ii. 82, 83, 86. 
TripioUaaiea, Ui. 28. 
Plal),heimimtheM, iU. 3.']. 
TorbeUana. i. 121 ; ii. 87. 89. 
Cettoda, iii. 18. 
Afaicrtiw', Ui. 83. 
Sematoda, iii. 0. 33. 
ColoiDjaria, Ui. 6. 
Trocho/>hora, Ui. 16. 
Hoti/era, it 89 ; iii. SO. 33. 84. 
Atplanchna. iii. 34. 
CaUidina. iii. 34. 
Ilcrtwigia. iii. 34. 
/iryurud. i 120-123.139! U. 38.41. 64.61. 
64). 71. 72. 80-88. 93. 94, 98. 100. 106 ; 
iii. 1. 12. \a-\H, 24. 30-;M. 
Rhabdoplrura. i. 138; iii. II. 
KndoprocU. i. IIO. 120. 127. 132-134; 
ii. 19.61. 102-101; iii. 7.8. 11. 13. 
16. 17. 19. 22-'J4. 2&-34. 
LoKWoma. i. 120. 127. 139; Ui. 9. 11. 

16. 21). 22. 26. 33. 
PtdicelliniU*. iii 2. 9. 11. 16. 20. 
27, 30. 
Arlhrupodaria. St^ V Brne<lcni. 
Atcopodaria. li 1U2; iii 0. '>-il. 

18. 16. IV. 21 
Barrnuia. iii. 20. 
GonofMnUria. ui. 19. 20. 
Pe«litellina. i. 121-12.J. 127, 12H. 
13EI, 139 ; II. lUa ; in. 22. 20. 



Brifoxoa, r<*diceUina, ^~ eontimnd. 
V. Americana, iii. 19. 
P. Belgica, iii. 19. 20. 
P. Benadeni. iii. 0. 16. n», 20. 80. 
P. echinau, Ui. 10. 11. 19. 
Umatella, UI 1-16. 19-22. 24. 20, 27, 
29, 30, 84. 
Kctoprocta, i. 102-104, 127. 132, 133; 
U. 01, 90; Ui. 9, 17, 21-24, 28. 
80-84. 
GymDolsmaU, i. 110, 120-138, 131- 
134; ii.4.40.64. 66.00.07,81. 
82,89,97,98; iii. 9. 22. 81. 
Cheiloftomata, i. 121. 123. 120, 130; 
ii. 62. 68, 60. 00. 61. 08. 04. 
Bug ula, U. 84, 41. 40. 48-61. 66, 

60, 81. 80, 87. 90-92, 9i 
EMliarella. U. 62. 64. 69, 00, 81. 
Eacratea, ii. 04. 
Fluftra, i. 127. 136. 189 ; U. 84. 

63, 6&-00. 64. 

Upralia, i. 127 ; ii. 31, 47-60, 69- 

64. 60. 68, 00. 80. 
Membranipora, U. 20. 34. 69. 00, 

04. 90, 91, 90. 
Scrupocellaria, U. 84. 
'] endra. ii. 60. 
Ctenoitomata, 1 128; ii. 32, 38. 00. 

63, 76. 108. 
Alcyonidids. U. 80. 
Aicjonidiiuii. i. 120 ; U. 90-98. 
Bowerbankia. U. 34, iQ. 00-^ 

80. 07. 
(>lindradum. U. 7a 
Karelia, ii. 61. 
Fluttrvlla. i. 121; ii. 88.49. 63. 

66. 60. 68-00. 01. 91-93. 
Iljpophorella. i. 121 ; U. 34. 00. 

78. 79. 
I^guncuU. ii. 61. 
MimoMlla, U. 78 
PaludicelU. i 121. 123, 126, 182. 

18«J; ii. 2, 13. 19.22. 20, 67 

64. 72. 7.1. 76. 76 ; iii. 2<i. 23 
.Stolonifera. ii. 78. 79. 
Vcticularia. ii. 7!>. 
VictorelU. ii 7.'». 70. 78, 79 
ZooboCrjon. i. 122. 
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Brtfiuoa, Gymnoleinata, — continued, 

Cyclottomata, ii 60. 81, 90, 02, 03. 
CriaiJh ti. 60, 61, 61, 81, 86, 87. 
Tubaliporide, ii. 81. 
Ph7lactol«mat«,L 102, 127, 128. 132- 
136, 139 ; ii. 19, 20, 22, 24, 26, 30, 
64, 67-63, 67; ui. 8-11, 22, 23, 
31-M. 
AlcjoneUa, i. 102, 103, 107, 110, 

122-124, 136. 144, 146. 
CrUutelU, i. 108, 104, 107, 111, 
122-129, 131, 132, 184; ii 2, 22. 
62, 67-70, 74, 76, 87, 90, 98; 
ill. 82. 
FredericeUa, i. 181, 134. 
Lophopns, ii. 61. 
PectinateUa, i. 134 ; U. 102, 104. 
PluroatelU, i. 110, 181 ; ii. 2, 30, 
67-70,73-76; iiL17,82. 
MoUuica, i. 138; il 16, 29, 89. 

LameliibraDchiata, iiL 84. 
Annelida, i. 138; ii. 29; ill. 82. 
Chctopoda, i. 121 ; ii. 84, 89; Ui. 81. 
AutolytQt, ii. 86. 
Cluetogaster, ii. 84. 
Ctenodrilns, ii. 84. 
Nais, U. 84. 
Hinidinea, ii. 88, 89; iii. 31. 
Gephyrea, iii. 80-82. 
SipuncuUda, iiL 24, 82. 
Phonmida, I 138; iii. 81-88. 
Sagitta^L 124. 
Arthropoda, it 88. 
Crustacea, ii. 29. 
Aitacut, ii. 89. 
Tnnicata, i. 123; ii. 96, 98. 
Pjrotonia, ii. 97. 
Salpa, i. 121. 
Vertebrata, 
TehMMtei, iU. a 
Amphiliia, U. 96. 

HitTOLOOT. 

Ceii, 
batemeot membrane, iii. 11. 
cell wall, peif orated, ii. 63. 
ciSa,lii.l2. 
feUtinona bodies, i. 144. 146. 



Cell, — continued. 
granules, ii. 10; iii. 12. 18. 

staining properties, ii. 10 ; tii. 12. 
nucleus, 

deeply staining, i. 186. 

Urge, ii. 6, 6, 9, 10, 69, 98 ; iii. 6, 28 
Stiibclien, iii. 12. 
yolk, ii. 34, 86, 37 ; UL 7, 8, 29. 
Cell torts, 
amceboid, u. 7, 38, 116, 117, 142. 
chlorogogen [of Annelids], ii. 36. 
digesting, i. 141. 
elongated, iii. 6. 
embryonic, L 109; 6, 6, 10, 11, 66, 69, 

72, 98-102 ; iU. 24, 28. 

yolk within, ii. 98. 

flame, iii. 4, 6, 18, 29. 

cirrus, UL 4, 6. 
gemmiparons. See embryonic, 
granular, ii, 99 ; iii. 12, 29. 
hepatic, L 141 ; iii. 11, 12. 
mesenchymatous, i. 126; ii. 10, 28-30; 

ui. 10, 12, 13, 29. 
muscle, L 143; ii. 28; iii 6, 6. 

atUchment, i. 142, 148; ii. 28, 29; 
iU. 18. 

cross striped, i. 141 ; iL 91. 

fibrillse, L 143 ; iL 28, 30 ; iU. 6, 6. 

migration of point of attachment, i. 
117, 141-143; iL 14, 16, 28, 29. 
nerve, ii. 62. 
pliagocyte, ii. 36. 
reticulated, ii. 6. 
secreting, iii. 26. 

Tacuolated, iii. 6, 7, 8, 12, 18, 26. 
Cuticula, U. &-7, 11, 14, 16, 18, 29, 81 ; 

iii. 4, 9. 
Tissues, 
epithelium, 

ciliated, iii. 10-12. 

columnar, ii. 8, 66. 

free surface of E., iii. 12. 

pavement, ii. 10. 
deriration from columnar, ii. 66, 
68, 101. 

transition to mesenchyme, ii. 64. 

rariations in thickness, ii. 8, 15 ; iii. 
4, 6, 12. 
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BULLETIK OF THE 



HttTOLTtlt. 

CellalAr. i. 181, 144, 146: iii. 5, 7. 8. 

MOBPHOLOOY, GrKBKAL. 

Bilateral symmetry, i. HI ; U. 9. 

Change of form, ii. 24. 

EYaginatioD, ii. 10, 11. 

Form of body, ii. 2. 

Germ layers, relation of, to bud layers, 

ii. 88. 
Invagination, ii. 8, 0, 102. 
Region of growth, ii. 9. 
RoUtion of axes, ii. 24, 25, 02, 63. 
Unequal growth, ii. 25. 

MoaruoLooY, Sfbcial. 
Bryoioa, aspecU of. i. 102, 103, iii. 33. 

Omtookht, Gbkbbal. 

Blastopore, ii. 104. 105. 
in buds. iii. 23. 

ooDcresoence of lips of, in bad. iii. 
23. 
Blastulation. ii. 68. 
Body cavity, i. 124. 
Cleavage, i. 124 : ii. 08. 
Kntoderm. ii. 8U-05. 
loss of. through lots of function, ii. 
93-06. 
Gastnilation. i. 124. 126; ii. 90-92; iii. 

28. 
Mesenchyme, i. 126. 
McMdcrm. i. 126; ii. C8. 91-91 
()ug«>nesit. ii. OU. <j7. 
Schadtinology. (icneral. 
I«arvAl life modiflcHl by 
freali water, ii. H9 
intrauterinelife, ii. 89: iii 'i^! 

lengthoT. ii 98. 94 

HcluMlonology, Spedal. 
Oryotoa. ii 89-96. 
(>phonautef. ii 91-94. 
C\)mpariton of Kntloproct anti Krto. 
|ir<H t liir>». li 1(>6. 
S|>emi«((>grnctia. iii 16. 



OiTTOoinfT, Spbcial. 
Brjfoxoa, 

Relation of blastopore to region of ori- 
gin of first polypide, ii. 92. 

Relation of blastopore to embryonic 
tUsae, ii. 97, 106. 

OBOAHOOBAniT. 

Brfoxca, 
Alimentary tract. 1. 111-1 18. 1240 127^ 

189-1410; ii. 19. 67, 68,02.040, 10|O^ 

Ul. 11-14 A 280 

of lanra. ii. 90. 9lo. 

Anas. i. 1400; ii. 20. 21. 24. 57, 68. 

02. 08O; Ui. 11-13A, ao^. 
Atrial fold. iii. 11a 
Atrial groove, iii. 10, 11^. 
Atrial opening, i. 144^; ii. 31. 320; 

iii. 9AO. 
Atrium, i. 110, 1120; ii. 18-21, 67, 68. 

103O. Iii. 10, llA 230. 
Avicularia, ii. 64. 
Basal pUte, iii. 16^ 26. 27"rr. 

homology with stolon, iii. 27. 
Branch, li. 9, 11© ; iii. 16, 17^ 24", 27^ 
Body cavity, iii. 13A, 31'. 
Body wall,i. 117-120. 122-1240; ii. 12- 

18,630; Ui. 9«. 
Brown body. ii. 64-^0. 
Cardiac valve, i. 140O; ii. 190. 
Calyx, iii. 9. 
Cirrus. See Tentacle. 
Cloaca, iii. 11. 14. 16. 29^. 
Closing cell of diaphragm, iii. 8". 
C<rcum. I. 140. 1410; U. 19, 20, 63^; 

iii. 33r 
Ccelomic epithelium. Ste Mesoderm 
r<Bnoc€rl. i. 108 ; iii. 88^ 
Collare tetosum. ii. 820. 108r 
Couronne (of larva), ii. 90. 
Communication plate, ii. 32. 33o. 8^ 

40, 76. 78r See ala* Septum. 
Diphragma, ii. 82. 03. lOSOi*; ia. 9P. 
Frto<lerm. ii 970 ; iii. 4. 6. 9" 
Kndowirc, i. 120, 128or 
Kntoderm. ii. 80-96. 970. 
Kplstome.i. 138. 1390; H.tt|0; iii.HAf^ 

34' 
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Brjfuoa, — continued, 

Epittomic canal, i. 115, 139^. 

Excretory organs, i. 180; ii. G4 ; iii. 14, 

16^^ 38P 

efferent dact, iii. 14-^. 

tnbnle.iii. 6, 7HO, 3()P. 

intracellalar lumen, iii. 7. 

Foot glanti, iii. 25>*. 

Foniculoa, i. 109, 115, 116, 141, 142^; 

ii. 30O' ; iii. 82. 

migration, i. 116. 

Gabelkanal, i. 180^. 

Gemmiparoot zone, ii. 4, 6^. 

Gizzard, ii. 63^. 

Incubatory chamber, iii. 15-^. 

Internal sac (larva), ii. 90, 93. 
Inte8tine,iii. 11, 12AH. 

Kamptoderm, i. 1150; ii. 2, 21, 22, 2o. 

31, 66, 57, 59-620; iii. 9^? 
Lip of atrium, iii. 9, 10^. 
Lophophore, i. 132-184^; iii. 83^ 
Lophophoric arms, i. 114^. 

fusion of, i. 180, 181, 184. 
Lophophoric ridges, ii. 20-23^ ; iii. 34>*. 
Mantle cavity (lanral), ii. 90. 
Mantle fold (lanral), ii. 90. 
Marginal thickening, L 144^; ii. 82, 

103^; iii. 9, lOr 
Mesoderm, ii. &-7, 10, 54, 56, 890. 
Metanephros, iii. 31, 83^ 
Musculature, i. 116 ; ii. 680. 

anal sphincter, ii. 82; iii. 11, 18^. 

atrial sphincter, iii. 18^''. 

intestino-rectal sphincter, iii. 11, 
12A0. 

Uteral-wall, iu. 18, 14^. 

^etal, iL 2S-30O. 

parieto-vaginal, i. 148, 144^; ii. 2. 13, 
28.630. 

pyramidalis. See parieto-raginal. 

retractor, i. 117, 141-1430; ii. 13. 
28, 630. 

rotator, i. 117, 141-1430. 

stalk, iii. 6, 6ho, 190^ 25^. 

transverse, iii. 13, 14^. 
Neck of polypide. i. 121, 1440; n. is, 

310, 61 A, 63, 650. 
Neck of ooecium. ii. 60. 70O. 



Bryozoay — continued. 

Nephridium, i. 130; ii. 103; iii. 14, 
15^0. 

Nervous system, ii. 26, 6I0. 

circumoesophageal nerve, i. 186, 1380; 
ii. 26, 620. 

ganglion, i. 113-1150, 127, 128^; ii. 
24, 26, 55, 61, 630, 103?; iii. 15, 
lO^H^ 24, 32, 33P. 

gastric nerve, ii. 26, 620. 
CEsophagus, i. 112, 140O; ii. 19, 20, 

26A 58, 62, 68O ; iii. 12AH. 
Ooecium, i. 124 ; il. 680. 
Operculum, ii. 64^. 
Oviduct, iii. 15^. 

Parenchymatous tissue, i. 126; ii. 91. 
Pharynx, i. 140O ; ii. 21, 24, 26, 57, 630. 
Pronephridium, iii. 81, 84**. 
Pyloric valve, i. 140O ; iii. 12^. 
Pyriform organ (larval), il. 90, 93. 
Randwulst. See Marginal thickening. 
Rectum, ii. 280 . Hi*. 12H 
Ring canal, I. 129, 130, 133-1350; ii. 

21, 22, 24, 580. 
Rosettenplatte. See Communication 

plate. 
Segment of stalk, iii. 1, 3. 16^. 

relation of formation to strobiliza- 
tion, iii. 19, 21. 
Septum, ii. 11, 32, 530; iii. 4, 5, 8, 9^. 

intersegmental, iii. 4, 5, 8, 9*^" , 19, 
20OP 

subcalycine, ii. 44*' ; iii. 8, 9^". 210. 
Sexual ducts, iii. 15^, 30, 32. 34^. 
Sexual organs, 

ovary, ii. 68®. 

testis, iii. 15\ 
Stalk, iii. 1,3-9AH 

Statoblast, i. Ill, 12uO; ii. 34; iii. 8. 

29,34. 
Stolon, u. 75, 77-790 . iii. 16, 17A 24". 

26, 27^. 
Stomach, i. 140, 1410; ii. 19, 23, 24, 

620 ; iii. 11, 12AH. 
Suboesophageal ganglion. See Nervous 

system. 
Tentacle, i. 132. 135, 1360; ii. 20, 22. 
58,590, 103P. iii. 1^ 10. .31 A. 
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lii'jfoaoa, Tentacle, — ctmlinmtd. 

■equence of formation, L 138, 185; 

ii. 2». 60, 02. 
number, ii. 24, 25, 60 ; iii. 1, 10. 
odd tentacle, ii. 26. 20 ; iii. 10. 

Yolk •plierulet. iii. 7, 8 . 
Vuidaria, 

Septum, iii 2ir 
MoUuaca, 

Foot, ill. 94^ 

Gill flUment, iii. M^. 
Hvii/era, 

Anuf, ill. 34^. 

Cloaca, iii. 34^. 

Foot, iii. 84A 

Subcnophageal ganglion, iii. 33^. 

Urogenital ducU. ill. 84^. 

Wheel organ, 34^. 
7*Miiirala, 

Nerrous tjttem, ii. 90^. 



PHTaiOUWT. 

Cellular, 

CuticnlariiaUon, ii. 33. 
Excretion, 

Bryoxoa, ii. 06. 

Rbobiiibatioii. 

Cal jcet In UmaUUa, lit 2, 20. 
Poljrpide in Gymnolamata. Ii. 64, 06. 
Relation to normal poljpide formation, 
ii. 06. 

RiLATioicsiiira. 

Bryoioa and other Metatoa, iii. 31-34. 
F^toprocU and Endoprocta, i. 132. 13:1; 

ii. 102-106 ; iU. 81, 38. 
Gjmnolcroata, 11. 76-81. 
PliylaotolrmtU, L 104. 
Umatella, lii. 30. 



EXPLANATION OF PLATES. 

All figures were drawn with the aid of a camera locida, from preparations of 

Urnatella gracilis, unless otherwise stated. 



DAVEKFOHr.— UmateUa graciUr 



PLATE I. 



ABBREVIATIONS. 

cUr. Atrium. di, ba. 

etc. Scar of fallen- off bud. di, sep. 

cl.Jlin. Flame cell. gm. 

d. mi. Migratory cell. ' mu. 

eta. Caticula. tU. 

ex. Calyx. pli. ere. 

ex. rgn. Kegenerating calyx. vt. gran. 



Basal disk. 
Transverse septum. 
Bud. 

Muscle fibre. 
Nucleus. 
Circular folds. 
Yolk granules. 



Fig. 



If 



t( 



u 



ti 



<( 



(( 



1. Regenerating stalk of Umatella, viewed as an opaque object. X 96. 

2. Optical section of the same. X 96. 

3. Optical section of the distal end of a stalk of Umatella which is probably 

about to regenerate, from living animal. X 410. 

4. Optical section of the proximal urn of the stalk of Umatella. Showing 

thick cuticula and yolk granules. X 165. 

5. Contents of proximal urn, obtained by crushing. Moving cilia were visible. 

Nuclei in some of the yolk granules. X 820. 

6. Stock of Umatella viewed as opaque object. Three stems arising from 

the basal disk. Buds and regenerating terminal calyces. X 86. 

7. Optical section of stalk of Umatella. X 96. 
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PLATE II. 



ABBREVIATIONS. 



air. 


Atrium. 


^ 


Ganglioo. 


d.jlm. 


Flame cell. 


in. 


Intestine. 


cl. kp. 


UepAtic celU. 


Hu'c/rm. 


MeB(»derm. 


Ct, tfC. 


Secrelioff ct*lU. 


mu. 


Muscle fibre. 


d.tb. 


Tubular ceUi. 


mi. 


Nucleus. 


da. 


Cuticula. 


nph. 


Nephridinm. 


eta.' 


Outer cuticula. 


a. 


(Esophagus 


etaJ' 


Inner 


of. atr. 


Atrial opening. 


di.ha. 


BaMl disk. 


pa>hjf. 


I'arenvhjme. 


di, aep. 


Ditaepiment. 


ri. 


Rectum. 


ee'drm. 


Ectoderm. 


ri. or 


V 


9^- 


Stooiach. 


1^. gran. 


1 Yolk granules. 



Fig. 8. Lnngitudinal section through proximal part of stalk nf ITmatella. Third 
stage in the formation of yolk granules, x CIO. 
0. Cross section through distal segment of stalk, showing ectoderm and pa- 
renchjrmatous tissue inside. X 4<M>. 

10. Third stage in the di'velopment of tlie sulk muscles i^iss, ^ oil immers.. 
<)c 2. X 1350. 

11. Second stage in the deTelopment of the stalk muscles, x 1360. 
12 Termination of excretory tubulo of stalk in flame cell. The poaition of 

the vXyx is abore. x .'lOT). 

13. First stage in doTelopment nf yolk in stalk. X 010. 

14. Se(*ond stage in drvi*lfipiiu>nt of yolk in stalk. X *tlO. 

16 Meilian sectitm thnmgh young stalk (age of Fig. 81 in Flate V ) X 106 
10 Fourth stage in tli«> derelopmcnt of the stalk musculature. X 1360 

17 First stagv in the drTvlupment of tlie stalk musculature. X 1360. 
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PLATE III. 



ABDUEVIATIONS. 



fin. 


Anua. 


my. 


Muscle fibre. 


atr. 


Atrium. 


nph. 


Nephritlium. 


rir. 


CIUMCA. 


tr. 


(EsopliAgut. 


ci.ciB. 


CIcMiiifc cell of teptum. 


f*d. 


sulk. 


rl. hp. 


llepAtic celU. 


rt. 


Rectum. 


ria. 


Cuticula. 


«/<A/. 


Sphincter between intestine 


di. Hep. 


DUiiepiinent. 




and rectum. 


t^t. 


StoiiiAch 


B/tkl. <i/r. 


Atrial Nphinctcr. 


ffn. 


(•anjcliuii. 


sui. atr. 


Atrial grooTe. 


IN. 


InU*»tine. 


ta. 


Tentacle. 


Imp'iltm. 


KamptcxliTtn. 


I'O. dr/. 


Vaa deferent. 


Ittftk. fifi . 


Atrial ri<lK(*. 







Fig. IH. Median M>rtion of calyx of Trnatella. Camera drawing made from teT- 

eral adjacent peclitiun. .< 4(K>. 
" 1». Svction throiiKli plane (if line " Fig. VJ " on Fig. IH. x \*(\- 
Kigf *J<i. '^1* I^iingitudinal and cniM tectinnii tlirnugh chief nepliriaium of calyx 
X (110 
*J1*. *jr. *Jr. Tlm'e M*ctinnii taken acrom nepliridium of one indiTidual at 
difTi'n*nt placcii. to utiow nature iif tlie lumt'O and wall Fig 21* ncart*r 
the ilintal fiid of tuhulc Fig 21*. tliird MN'tion fn>m mouth of tubule. 
at point of union of two iwphridia into one. X 7U(). 
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PLATE IV. 



ABBREVIATIONS. 



an. 


Anus. 


mu. Muscle fibre. 


air. 


Atrium. 


mu. ret. ta. Retractor muscle of tentacle 


clc. 


Cloaca. 


. > Nepbridium. 


cl. els. 


Closing cell. 


d.flm. 


Flame cell. 


(e. CBsophagui. 


cl.tb. 


Tubular cell. 


pa'chjf. Parenchyme. 


eta. 


Cuticula. 


rt. Rectum. 


di. Sep. 


Dissepiment. 


Mpht. atr. Atrial sphincter. 


ec'drm. 


Ectoderm. 


Mp'z. Spermatosoa. 


9^' 


Ganglion. 


te. Testis. 


int. 


Intestine. 


va. def, Vas deferens. 
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Fig. 22. Section through calyx at level indicated by line " Fig. 22 " in Fig. 18 
X 406. 

23. Section through calyx above the last at level indicated by line " Fig 28 " 
in Fig. 18. X 406. 

24. Longitudinal section through young stalk showing development of septum. 
X 406. 

26. Transverse section through closing cells at base of calyx. Section passes 
through a flame cell at the left. The lower part of the section lies 
below the dissepiment, the position of which is indicated by the line 
di.sep. X 670. 

26. Longitudinal section through tentacle and atrial sphincter. X 406. 

27. Two adjacent tentacles cut transversely near their bases. X 406. 

28. Part of nearly median section of calyx, passing through cloaca and vas 
deferens. X 406. 

29. Median section through nephridium aud adjacent organs of young calyx 
to show the development of the nephridium. X 1000. 
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PLATE V. 



ABBREVIATIONS. 



An. Anal aspect 

eie. 8cAr of fallen bad. 

cl. tec. Secreting cell, 

c/i. ba. B«m1 diik. 

ee'drm, Kctodeno. 

mu. Muscle fibre. 



Or. 


Oral aipect. 


or. 


Mouth. 


pd. 


Stalk. 


ri. 


Rectum. 


tto. 


Stolon. 


vt. 


Yolk tpherulet 



Fig. ao. 



Figi 


.31- 


II 


31. 


«B 


:». 


Kigi 


i. 1/4, 


KiR. 


30. 


• 1 


87. 


• • 


38. 



30 



K.m 


40. 


K.« 


4J 


KiKi 


4:i. 


Km 


4r>. 


• 1 


4«1 


■ • 


47 



«H 



" 4(1 



Distal end of a richly branching stock of Umau*lla, seen from the right 

side. X 66. 
-4& Views of Umatella as solid object (cic. Fig. 33). All X IH). 
32. ** Youngest lUge " of Umatella stock. Cf. IMute II. Fig. 16. 
View of somewhat older stage, as transparent object. Disk adhvring to 

stolon. 
36. Young stalks with median buds. 
Entire stock of Umatella, — three stalks arising from one basal disk 

" Median buds " arising. 
Stslk with two lateral buds and one me«iian. 
Stalk with profuse lateral budding on the median buds. Anal new. 

branches displace<l to the riglit and left. From segment r' two Utcril 

buds and one me«lian haTo irisen ; from c, two lateral buds, one of 

whicli has given riiie to two individuals, tlie other to only one 
Stalk with branches. — oral view. Remnant of a me<lian brancli on seg- 
ment F. From r* two lateral (') buds; from K a stolon with two 

individuals, and fnwi L two vtolons. the left with two individuals. 

the right with one. 
II. Branching itoi'ks with median and lateral buds. 
Tyiiical lateral butU. each with two individuals. A median bud on next 

>ounger M*giiient 
41 Right nn*l left viewi of the same Mf>ck. The numUT of individual* 

is iinliiMted in the diagram acconipnn) iiig the flirurcs (Fi}?. 41") 
Left vii'W of part of Rtock. Two »tolons and one mi»«lian brancli from ncg- 

nient H (Ftg. 4ri") 
(>|»tiral •ection of " youngest utage " of Umatella stiK'k Stolon with two 

tiidnidiiaU ariaing therefrom V 120. 
View of rtiticuln and erttHh>rni at end of a stolon in a »tiMk of the 

";rounKi'«t ■tagr." nhowing ^var of former attachment to parent 

•liH-k ' 40.') 
Optieal MTtifin of the liaial plate of a ■tork nhowini: thnn* imlividuali 

ari^uiK fruin it. and itii divi«ion iiitn ihrfo »eKment» ^ .Vj 
Three individualt ariaiitg from an older basal plate, x Ui 
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PLATE VI. 



ABBREVIATIONS. 



atr. 


Atrium. 


cl.iee. 


SecretiDg cell. 


rx. 


Calyx. 


di. tep. or 
di. sp. 


1 Uitsepiment. 


rx. 


Outer layer of bud 


ga. 


Stomach 


tfm. 


Bud. 



I. Inner layer of bud. 

mil. Muacle fibre. 

or. Mouth. 

»pht. atr. Atrial sphincter. 

n. Stomach. 

sto. Stolon. 

ta. Tentacle. 



Fig. 60. Surface view of stem tuinecl in Ctokor't cochineal and studied in rlovt dl. 

Showing the deeply stained protoplasm and crowded condition of 

nuclei indicating the position of an incipient bud. X •US. 
'* 61. Lateral bud drawn m transparent f»bject after staining, showing stolon 

and tecreting celU (r/. mt.). x OH. 
Figs. 62. 63. Two uptical Mt'tiuiis from diflvrent aspects of the »ame bud staine<l 

in Ciokur*s cochineal and studied in dove oil. Showing formation of 

alimvnury tract. X 226. 
*' 64-66. Three trantvcrsi* Mictions across a young bud, showing the develiip 

ment tif the alimentary tract. Fig. 64 nearest the tip ; Fig 60 nearest 

the bate. V 4(Wi. 
Fig. 67 EnUrgetl vivw of lateral bud showing stolon and secreting celb (<*/. §er.) 

«»K. Stalk of young lateral (')bud showing method of attachment to adult 
•Ulk > 2^1. 
Figs. 61*, 00. Two disgrsmn vhowing relation b«>tween the two mi>thoils of budiling 
in I*niaidU. Tlie ■hade<l cells indicate probable position of embry 
uiiic tissue. 



Bulletin of the Mosenm of Comparative Zoology 

AT HARVARD COLLEGE. 

Vol. XXIV. No. 2. 



NOTE ON THE CAROTIDS AND THE DUCTUS BOTALLI 

OF THE ALLIGATOR. 



Br C. B. Davenport. 



With Oxe Plate. 



CAMBRIDGE, U. S. A. : 

PRINTED FOR THE MUSEUM. 

Jasccart, 1803. 



No. 2. — Note on the Carotids and the Ductus Botalli of the 

Alligator. By C. B.Davenpout.^ 

The carotids of the Alligator, as is well known^ usually present in 
the adult an unsyrametrical condition. From the right aortic root two 
branches (a and b) arise close together. Of these, one goes to the left, 
the other to the right side of the body. The left vessel (a) gives rise 
first to a large artery (1) running on the dorsal side of the oesophagus ' 
to the head ; secondly, to a smaller one (2) running alongside the neck, 
sending branches to the CBsophagus, trachea, and muscles of the body 
wall, and anastomosing behind the occiput with a branch of 1 ; and, 
thirdly, to a vessel (3) going to the fore limbs. Other smaller vessels 
we may for present purposes neglect. The right vessel (6) gives rise to 
all that the left does excepting the equivalent of 1. 

Concerning the homology of these vessels with those of other Reptiles 
and of Birds, there has l>een much difference of opinion. Rathke ('57, 
p. 91) designated the vessels a and h arteria anonyma. He called 1 
art. sub vertebral is, and from embryological data he interpreted it (as 
defined in the preceding paragraph) as follows. The right and left com- 
mon carotids arise separately, and later fuse along the middle of their 
extent, but remain separate at their proximal and distal ends. Secon- 
darily, the right proximal root degenerates, and is thus absent in the 
adult 

By " common carotid," Rathke implies an homology with a vessel of 
this name in Lizards. The latter is morphologically equivalent to the 
ventral distributing trunk between the third and fourth arterial arches in 
Rathke's well known type scheme of the arterial arches. The unfused 
distal ends of the common carotids each branch at the occiput to form 
vessels homologous, in his opinion, to the internal and external carotids 
of Mammals. 

Fritsch ('69, p. 705) later maintained that the a. sub vertebral is is an 
a. carotis primaria, i. e. produced by a drawing out of the a. anonyma, 

^ Contribntiont from the Zoological Luboratorj of the Mnteuin of CompanitiTe 
Zoology, under the direction of E. L. Mark, No. XXXIV. 

VOL. XXIT. — NO. 2. 
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and hcuco essentially unpaired, — a view which Hoffmann in Vronn'* 
Thierreich, liteptiiiu, unfurtunately adopts. 

Van IWuimeleii ('88, pp. 114, 115) ooiubats the view of Fritwh. and 
brings forward additional instances of the persistence of the right proxi- 
nial root of the a. sub vertebral is in embryos. At the same time he 
points out that Hathke's a. sub vertebral is must lie regarded as equiva- 
lent to the dorsid collecting trunks of the anteri(»r branchial vessels, and 
therefore to the aa. carotides interns of lUthke's genend scheme. The 
vessels designated in my description above by the numeral 2 — called 
by l^thke a. ctjlhiteralis colli — are, on this hypothesis, to bo regarded 
as aa. carotides externum (ventral distributing trunks of anterior brau- 
chial veHsuls). 

Mockuy ('81), pp. rj()-13G) more than any other has contributed liy 
his enibryological and conr^uirutive anaU^mical studies to an interpreta- 
tion of the carotids of the Crocodilia. The vessels a and b are, accord- 
ing to him, the parts of the ventral distributing trunks which lie lietween 
the fourth and third arches, and corres|»ond to the common carotids of 
Kathke's genend scheme. The morphologically paire<l vessels (1) are the 
combine<l iiitenml, or, l»etter, ** dorsid '* carotids. The part designated in 
Figure 1 by I' iH thus homologoun with the thinl visceral (first branchial) 
vesH4*l. The part dt^Hignated by P + 1^' has arisen by fuHion of the dor- 
sal c'ollei;^in;r tniiiks (»f the thrive anterior branchial vcHsels through a 
|Mirt t»f tlirir extfut. The vrHHcls marked 2 and 2' (Fig. 1) are external 
or ** ventral ** can>tidH, — tli«*He vchsuIs l>eing reprosented in Ihnls alto, 
when* tht< H4) culled cnininoii carotids are in reality ** dorsal '* carotida^ 
n<»t ri{uiv:ilfnt to the oomiiion carotids of LizanU. Mackay*8 results, 
whii'h thus nuifinii nn<l extend van IVemmeleii's, seem conclusive, not 
oidy biM*:iiiM> hi* hiiM tr.-M'tMl th«* <levclopmrnt of the homol(»gou8 vessels 
in Itirdn, but bi-r.-iuM* lir has fmind otn* iiistunce — like that of Brandt 
(*7*J. p. .'i()7) Itiiii; iiL'«> in which the donud collecting trunk {wmists 
lN-tu«cn thi* tliini and fourth nrchrs. It is connected with the thinl 
ureh niMf tiii» pmxiiiiul (|MiHterior) end of the a. HiibvertebndiH, iind is 
thuH fir n-niMVcd from lUthke'ri H(» railed ** ii. cunttiH interna ** of the 
heu<l reL'i<'n. Tlie hy|H>the*iiH that the a. collateralis colli of i'n>C4Hhles 
in hi>iiiitl'>u'"MH uith the a. carotin externa of l.i/ards receivcH udditutnal 
Hii|.|Hirt from tin* t'iit-t that, a;* in I'irN, the a. Hiihdavia iiriHCH near the 
|Miitit at «h:<h the a. cullatiTalis cuDi in finned by th<* (livisiun of the 
trill' a i*art*tii r<>iiiii)i|iiis cr and 1 ). 

I'hi- rnii<-!<i-«.niiH I if Mai'k.-iv have been recently ciiiifirmed bv the rt^ 

!H*arrhe*» <•! i turhhtetti r <*1*('). 
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In view of the interest attaching to this subject, I have thought it 
not wholly superfluous to put on record still another example of the 
persistence of the right root of the a. subvertebrulis, — especially since 
so perfect a root from so old a specimen has not l>cen heretofore men- 
tioned, and since no figure of this condition at any stage has, to my 
knowledge, been heretofore published. 

The specimen in question was oi^e which was being used for study in 
the class in Vertebrate Anatomy by one of my pupils, Mr. H. 0. Marcy. 
The Alligator was about 28 cm. long. The arteries had been injected 
from the heart, and a very evident branch. Figure 1, 1'', was shown, fully 
injected, running from the right common carotid, 6, to the a. subverte- 
bralis 1* + 1^. Thus the whole carotid system had a very symmetrical 
aspect. The branch in question (1*^), which must be regarded as the 
proximal end of the right dorsal carotid, was injected throughout its 
whole length. It measured 0.7 mm. in* diameter, the corresponding 
measurement of the left root being 1.0 mm. The two trunks passed 
dorsally, encircling the trachea and cesophagus, and met near the median 
plane, dorsal to the oesophagus and immediately beneath the vertebral 
column. 

I add also figures of two cases of persistent ductus Botalli, completing 
the VI. or pulmonary arch. Some trace of this condition appeared upon 
most of the individuals examined. In one case shown (Fig. 3)^ the in- 
jection filled only the dorsal and ventral ends of the ductus, the middle 
region remaining as a white cord. In the other case (Fig. 2), the pul- 
monary end only was injected. 

Finally, in a simple diagrammatic lateral view (Fig. 4), built up on 
the system of Rathke's diagrams, as improved by Botis ('8 7), I have 
indicated the chief neck-arteries of the Crocodilia. In this diagram, 
the usually occurring arteries are drawn in heavy lines ; those occurring 
less regularly or abnormally, in fine lines ; those absent, in dotted lines. 
I have introduced as the II. arch the anastomosis between 1° and 2 
(F*ig. 1), thus adopting van Bemmclen's ('88, p. 115) suggestion ; but 
I must repeat his caution, that this is only a rather probable, but by 
no means demonstrated homology. 
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DATBTon.^ Gkralklf of AlUttator. 



EXPLANATION OF FIOUHES 



AliBUEVIATIOXS. 



*IO. 



Aorta. ad mu. iar. To muf cicf of larvnx. 

art. pnl, I'lit iiioii a ry artery. mu.pct. riTionil iiiuncIcii. 

tit. Hot. Diicttia Hotalli. tr. (tlvopluiguii. 

ftf/ri. Tu a-sojihagutt. tr. TrnflK>a. 

". I^eft arteria aiionytiia, Uatlike = ventral dUtributiiiK trunk bfiwet>n IV. and 
III. artfrial arclio. 

/'. UiKlit ilitto. 

1. Artfria ■ubvertvUralii colli, liatliki* cs a. can>tif domaiiii. Mackay = tlnnl arte- 
rial arch and dorsal collvctinK trunk antvriur to IILardi. In titiii vvKMd 
tliret* reKioiii may Ik* diiitinguitthiHl : — 

1*. Xa'H vi*ii«i't «if till* iMMlcriur |mire«l |>orlion, tin* fi'llow of which on tin* litsht 
RiiK' |l* ) !■ uMiilly lout, hut in KiKurc* 1 pt*r«iitt. 

1^-f- P'. KuM'il portion of 1. ('V\\v It-adcr ihoulil be continucil to the vf»»el t-nr 
i'tv\\ by ihi* iiM>|»lia^uN in Ki^. 1.) 

1*. I««-ft vfuRfl (if anttTiiir pHiri*<l (uiiruiK.*«l) iNirtion. 

*J. licIt oillaiiTah* rolli. Uuthkt* ^ a. carotin vtMitralit, Mnrkay --3 ventral diitrib* 
utiiiK trunk anterior i«i III. urch. 

'J'. Kiyht dittii. 

^1. I««-fl a. nuU-lnvia M.*c<)nilnry or iN*niiiilc*nt iiulK*lavian ((f Mackay) 

* AnaitonioiinK branch between 1* an«l 2 ( II. arterial arch ') 



KiK- !■ Ventral aspen of hea>t and neck reKion« of Allit;ntor Mi^nisitippicnftit. 

IfH I'in. I< •!!)(. I 'art of the irnophaKua ami iraehea are reprvM^iitiHl l\ mis 

alMive (ventral to) the niiftiaii arierv. 
Kitft. 2 anil V» luiieral vii>w« of the arterial ari-l.e« to show i«iii ciiie* of per»i»(rni 

du«'iuii Ibitiilli 
Y\\l I. I>iai;rniM, ahowuii; in vide view ihe ri'l.ihoii of the arlerinl arche* nf ('r>H'i»- 

ililtn to the t>|N'. Heavy line« repr«-«enl iiMrni:it \i-*«(U, li^litvr line*. 

abnnrninlly iN-rurrin^ VfiM-N . <lotlcd line*. \c*«(Iii wliolly nli*tnt in 

adult. 
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If o. 3. — On tJie Eyes, the Integumentary Sense Papillce, and the 
Integument of the San Diego Blind Fish (Typhlogobius cali- 
/ornien»is, Steindachner). By W. E. Ritter.* 

The work the results of which are embodied in the present paper 
was begun and well advanced at Harvard University, and has been 
completed at the University of California. 

I wish here to express my warmest appreciation of the many kind- 
nesses received at the hands of Prof. £. L. Mark, not only during my 
residence in Cambridge as a student under him, but particularly since 
leaving there. I have also to thank Prof. C. H. Eigenmann both for 
specimens sent me from San Diego while I was working in Cambridge, 
and for valuable information and suggestions about collecting the fish 
during my visit to San Diego last summer. 

TyphlogohiuB califomiensis was first described by Dr. Franz Stein- 
dachner. The species is the type of the genus, and thus for is the 
only one known. Steindachner's (^79, pp. 142, 143) description of the 
eyes is as follows : '* Die winzig kleinen, wie Punkte durchschimmer- 
enden Augen, liegen hoch am Seitenabfalle des Kopfes gegen Ende dcs 
ersten Viertels der Kopflange ; ihre Entfemung von einander steht der 
Schnauzenlange nach und betiiigt circa \ der Kopflange." According 
to this author the genus resembles Crystallogobius, Gill, from which it 
differs in its dentition and abortive eyes. 

Miss Rosa Smith (*81, pp. 19-21), — now Mrs. C. H. Eigenmann, — 
unaware that the fish had been described by Steindachner, redescribed 
it, making for it, as the Vienna ichthyolo^st had done, a new genus, the 
name of which was derived from the rudimentary condition of its eyes. 
Othonaps was the generic name given it by Miss Smith, and this term, 
signifying as it does ^ veiled or obscured eyes," is, so far at least as the 
younger individuals are concerned, undoubtedly more nearly true to the 
facts, as the sequel will show, than is tlie name chosen by Steindachner, 
Typhlogobius signifying ** blind goby." The specific name chosen by 
Miss Smith was eo$. She says : ''This species is most closely related to 

1 Contribntinns from the Zoological Laborntorv of the Museum of ComparatlTe 
Zoulogj, under the direction of £. L. Mark, No. XXXV. 

VOL. XXIV. — KO. 3. 
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Crydallogohitu niluoni (Diib. k Ker.) Gill (Gobioiama niUmmi Gttntber, 
Cat. Fishes Brit. Mus., III. 86), u species found on the ooaftt of Norwaj, 
from which it is distinguished gonerically by the obsolete eyet. . . . The 
eyes are large and conspicuous in C, nil$9onV* 

With reference to the integument of the head and its tactile organs, 
this author says : " On the under side of the head the skin (in a pre- 
served specimen) lies in irregular folds, which conform generally to the 
outlines of the lower jaw, the outer folds reaching the gill opening!. 
Between the lower lip and these folds there is a series of papilhe which 
has its origin a short distance behind the comer of the mouth, the series 
being slightly separated close behind the symphysis of the lower jaw by 
two small, rounded flaps. The papilla* number about fourteen on either 
side of the flaps. On the superior surface of the snout, extending pos- 
teriorly half as far as the termination of the maxillary, tlic skin is finely 
wrinkleil, and there is on either side a conspicuous flap, which seems to 
conceal a nostril." The largest specimen examined by Miss Smith was 
2] inches in length. 

The same author ('90, p. 181) publinlies a note made by her at San 
Diego, July 3, 1882, on the tenacity of life exhibited by this species, which 
is so characteristic of it that I quote the passage nearly entire : "Thres 
specimens were secured and were placed alive in a two-quart tin |iail 
along witli seaweeds, polyzoa, hydroids, living mollusks, a sea-cumlier, 
and a nnnil>er of small flshes and cralm. The living forms in the pail 
were so crowdiHi and ho short of water that all of the flshes except the 
three pink l>lind tish had died before I reached home, the drive of 
twelve miles being over a hilly road for some distance. . . . When r^ 
tuniing frf>m La Jolla and other p(»ints along the sealieach, I have fre- 
quently carrie<l home the tide-pool specic*s alive in this manner, and 
invariably the ()lig(»cottus analis, one of the small CottidsD, was ro<»re 
tenacious of life than any of the other sfiecies. At this time, however^ 
Oligocottus cxpirtHi with the rest, leaving the blind fish to claim the 
honor of U'ing the most hanly of the smaller species of the region. 
This M|»ecii*s is scaleless and exct>e<lingly slippery. I t<K»k one of these 
examples from the |Miil, when, like an eel, it slippc<l through my fingers 
into a lmm*l of rain water standing near, swimming around in the barrel 
several tinies. I tluMi removed it to a clean shallow dish into which I 
ha«l |K>ureil half a cupful of soa sand, together with the small amount of 
dirty w^i wator whirh hrwl covered the medley of animate lieings before 
nifMitionni. Typlilo^obios, still active, trie<i to bury itm»lf in the sainl, 
but the disli mas too sliallow, and several efforts proved unavailing. . . . 
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It was still quite active five hours after it was removed from among the 
dead fishes. How much longer it may have been able to survive I do 
not know, as I then killed it with alcohol." 

In a paper on the ^ Point Loma Blind Fish and its Relatives," Prof. 
C. H. Eigenmann C90, pp. 65-71) has given some very interesting facts 
on the habits of the species, and also the only account, so far as I am 
aware, of some of the profound structural changes that have been 
induced in it by its peculiar way of living. 

The fact that the fishes pass their lives under stones in crab holes, or 
buried in the sand, must of course have beeu known by every one who 
had collected them ; but as Prof. Eigenmann has had much better op- 
portunity to study their habits than has any one else who has written 
on the subject, his account is quite full, and so interesting that I repro- 
duce a considerable portion of it. 

Al)out San Diego the fish has been found at Point Loma only; it 
has been taken, however, at Encenada. Its habitat is consequently, so 
far as known, quite limited. The crustacean in the holes of which and 
with which it lives is a burrowing carideoid, which has the Siime pink 
color as the fish ; but while the crustacean is found throughout the en- 
tire bay region, the fish is its companion only at Point Loma. Another 
species of the Gobiidse, belonging to the genus Cleveland ia, also fre- 
quents the holes of the same crustacean along with Typhlogobius. ^ 

" Sometimes the fishes [other than the blind fishes 1] live quite out of 
water on the. damp gravel and sand under rocks. ... In the bay the 
gobies habitually live out of the holes, into which they descend only 
when they are frightened, while at Point Loma they never leave their 
subterranean abode, and to this fact we must attribute their present 
condition." 

It is not the eyes alone that have undergone modification. The 
whole frontal region of the skull has been profoundly changed ; the 
scales have entirely disappeared, the color has been reduced, and the 
spinous dorsal has been greatly diminished in size. ''The skin, and 
especially that of the head, has become highly sensitized." 

1 I find CleTelandia in San Francisco Bay at West Berkeley ; and here it often 
enters holes in the mud with a species of Crangon. In this case the holeit are not, 
I think, dug by the crustacean. The general appearance and actions of tlio two 
mnimals are so simiUr that at a little distance it is very easy to mistake the one for 
the other. The color of the two is absolutely indistinguishable as they rei^t at the 
bottom of the shallow tide-pools ; and it is so like the dark brown mud of the bot- 
tom on which the animals are found that it is with great difficulty that they are 
•een when not in motion. 
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In a speoimen about 0.9 of an inch long the color oelb were well 
fonued, and the loombranes of the fins were thin (in the adult the fioa 
are very thick in proportion to their height). The movementa of the 
fish at this age were aimilar to those of the other gobiea, and not at all 
sltiggish, like those of the adult. In the adult, aajs Eigenmann, ''the 
color has been reduced." 

The eyes have suffered the greatest change of all In the small 
specimen just mentioned they were quite evident, and apparently funo> 
tional. " Objects thrust in front of them are always perceived, hut the 
field of vision is quite limited. With age the skin over the eyes thick- 
ens, and they are scarcely evident externally. As far as I could deter- 
mine they do not see at this time, and certainly detect their food chieflyi 
if not altogether, by the sense of touch." 

'* The lens is large in proportion to the size of the eye, which does not 
materially differ in size in the smallest and largest specimens exam- 
ined. The optic nerve is slender and long as compared with that of any 
of tlie other gobies.*' Hecuuse of lack of facilities for histological work, 
IVof. Kigenmann did not study the minute structure of the eyea. All 
his attempts to get material for studying the development were unsuc- 
cessful, though artificiiil fertilization was tried, and many visits were 
made to Point Lomii in search of eggs and embryos. The spawning 
time is June and the latter part of May. 

During tlie lust of June and the first of July, 1891, I was able to 
H|)cn<l si*vcnil days at San Diego, but at that time it was impossible 
to get s|Mvinirns of the blind fish, a thing which I had greatly hoped 
to do. From Dr. Ktgcnmnnn's ex|>criences I had thought it quite possi- 
ble that at this time I might also Iw so fortunate as to get embryonic 
material of tlio sfiecies. On arriving at San Diego my hopes were at 
once luniibilntcHl, however, fu« I ftMuid that the fish c<»uld Iw caught only 
at the very low tiden, nnd at this time of the year these tides come in 
tlie night. I nrr.niged, however, with two local collectom, Mr. L. i\ 
hni^;; nnd Mr. <>. N. Stiufonl, to have all the sfiecimens they could 
obtain, nM tuMin as the tides would |)ennit of their Iwing collected, sent 
to me at lUTkeley. By this rnoans I sectirc<l twenty-two s|)tfcimens, the 
miMit of thcin a|*|Mirently fully grt»wn, though two were considerably 
sninller th.iii iiiiy I hnd previouMly studie<l, and these were all carefully 
pn»*MTvr«| in I'lTfiiyrH fliiid. 

Thrnuifli tli»* kiiidnfHM «»f the nfliivrs of the Pacific <'ofist Stimmiihip 
<*onipan\*N HteanuT ** l*«»iiioiiri," twelve s|>ecimens wen» sent to me m 
.luly fnuii San Diego alive. Only four of these were living, however. 
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when they reached mo, and only one was in perfbct health. This one 
was kept in an aquarium of about four gallons of water until February 
10, 1892. I can fully confirm the statements of other writers concerning 
the extreme tenacity of life exhibited by these fishes. During the last 
two months that this specimen was kept, the water was not changed nor 
aerated in any way, nor was food given to the fish ; and I may say that 
it did not, so far as I could determine, take food at all during the time 
of its confinement, except the small quantity naturally contained in the 
water. Worms were placed in the aquarium, but had to be removed, 
untouched so far as I could see, to prevent contamination of the water 
by decomposition. When the fish was killed, it was to all appearance 
as well and as lively as it had been at any time during its captivity. 

Experiments for the purpose of determining whether the eyes in this 
individual still performed their proper function were not very satisfac- 
tory. Very frequently when the water was suddenly illuminated by 
a strong light thrown into the aquarium, standing in a dark room, the 
fish was found to be moving about at the bottom with considerably more 
than its wonted activity. This activity would continue for only a short 
time, when the fish would either move more slowly or would settle down 
and become quite still. As the movements were almost always rather 
slow and infrequent when the fish could be seen, I am inclined to in- 
terpret this behavior as indicating that the fish was sensitive to the light. 
However, repeated attempts to produce conditions that would cause it to 
choose between light and darkness, if it had the power of such choice, 
were without positive resulta On the whole, both from these observa- 
tions on the living fish, and from the structural conditions to be here- 
after described, I am of the opinion that the power of perceiving light 
is not wholly lost, even in the adult. The specimen kept alive was 
32 mm. long, or about 20 mm. shorter than the largest ones that I have 
seen. 

The pink color mentioned by all those who have written of this fish is 
a quite striking feature in its general appearance. It is not at all due 
to pigment in the integument, but to the extreme richness of blood- 
vessels situated in the sul)-epidermal connective tissue, as will be shown 
later. It disappears entirely in preserved specimens, the color becoming 
a dull opaque white, particularly in large individuals. In small individ- 
oals, however, the color of the dorsal side of the head and body is quite 
dark from the presence of brown pigment. The causes to which these 
different colors, under different conditions of development and treatment, 
are due, are of considerable significance, and I shall speak of them more 



5G BULLETIN OF THR 

fully later on. It is not my purpose to give an accoont of the general 
structure of the fish in this paper. I must, however, call attention to 
the far reuching modificatious that have been brought about by its 
peculiar habits, not in the eyes merely, but in many other stnicturea. 
As already mentioned, Dr. Eigenmann has shown that the '* entire 
frontal region of the skull has been profoundly changed. ** He has also 
shown that the fins of the adult are much thicker, more fleshy, and 
shorter, in proportion to the size of the body, than in the yonng. My 
observations fully confirm these statements. 

In the smallest specimens that I have seen, 19 mm. long, the eyes 
are distinctly visible without dissection. In some of the preserved 
specimens of this and somewhat larger size, the lens is also clearly seen 
in surface views ; while in other specimens it is not so distinct, and in 
some is scarcely seen at all, though it is probably always present in all 
these younger individuals. 

The eyes are situated wholly on the dorsal aspect of the head, and 
very near together (Plate I. Figs. 1, 2). Their distance backward frocn 
the tip of the nose is also short as compared with the length of the 
fish. Thus in the specimens 19 mm. lonjir this distance was 0.95 mm., 
or one twentieth of the entire length of the fish. In large individuals, 
especially while living, the eyes are visible fi*om the surface, but appear 
as scarcely more than black specks deeply buried in the tissue. In 
many cnsos they cannot l)e seen at all in preserved specimens. 

The epidermis immediately over the eyes does not difftsr essentially, 
either in the smaller or the larger individuals, from what will be de- 
scrilHMl further on as existing in other portions of the dorsum and sides 
of the head and l)ody. The mucous cells are present here as else* 
where, and they are as numerous and ss large as in aiyacent regions. 
Tlie avorago thickness of the epidermis is HOfi in the smallest specimens 
studie<l ; 0.3 /a in a specimen 60 mm. long, and 76 /i in a specimen aliont 
65 mm. lonj;, thus showing a gradual increase in thickness with the 
increasing size of the animals. In the smallest specimens the sul>-epi- 
ilcmial tissue over the eye is not differentiated into a dermal and sub- 
dermal Uycr. The connective tissue in this region is arranged in several 
stmntls which unite with ono another at various angles, thus l>ounding 
wi<le ri|»acos (Tlfite III. Fij;. 17, fpa.). In this specimen (Fig. 17) the 
s|inco lK*tw«H.*u the cpidennis and the sub-epidermal tissue is quite wide, 
ind in continuous over tho entire eve, and for a considerable distance 
iM'vrmd. This n\mce may Ihj in part artificial ; but even if so, the con- 
nection between the epidermis and the immediately untlerlying tissne 
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mast bavo been exceptionally frail, since separations of tbis kind are 
rare in adjacent regions. 

Tbe tbin layer of tissue next to tbe lens — in fact closely applied 
to it in many cases (Figs. 5 and 17, em,) — is part of a layer tbat en- 
velops tbe entire eye, in many places lying close upon the pigmented 
layer of tbe retina. Tbe portion in tbe r^on of tbe retina is undoubt- 
edly tbe sclera, and will hereafter be designated as such. Tbe portion 
in tbe region of tbe lens may be regarded as representing all there is of 
a cornea excepting its epithelial layer ; but on this subject I shall speak 
further presently. The strands of connective tissue tbat have been 
spoken of as intervening between the epidermis and the eye in the 
smaller specimens are distinctly fibrous, and contain numerous small, 
mach flattened connective-tissue nuclei. These strands are directly 
continuous with tbe sub-epidermal connective tissue of the surrounding 
regions, and are not largely continuous with tbe sclera, though in part 
they are (Fig. 17 a). 

In addition to the small flattened connective-tissue elements in these 
bands of connective tissue, a few much larger cells are found (cL conU,). 
They have distinct round nuclei, and each nucleus has a nuclear mem- 
brane and a nucleolus. The membraneless cell body is drawn out into 
one or more processes, usually two or three, which become lost among and 
are apparently continuous with the fibres of tbe connective-tissue strands 
in which tbe cells are situated. They are probably embryonal connect- 
ive-tissue cells concerned in the production of tbe thick layer of this 
tissue that intervenes between the eye and the epidermis in older speci- 
mens (Plate II. Fig. 6). In this older specimen (Fig. 6) a large num- 
ber of nuclei are seen, in part immediately over the eye, and consequently 
in tbe same position as the cells regarded as embryonal connective-tissue 
cells in tbe young specimens ; but they are mostly at one side of tbe 
eye (Fig. 6, con*t. tis.), and although some of them are undoubtedly 
cells of connective-tissue character, at the same time many of them are 
certainly not of this nature, but are probably leucocytes. As shown in 
Figure 6, there is over the eye in the large specimens a well defined 
dermal layer, dmi., which usually remains adherent to the epidermis 
when tbe latter is removed. This layer is nearly structureless, though 
fine fibres are not uncommon in it. In tbe specimen shown in Figure 6, 
tbe entire thickness of the tissues over the eye is about 392 ft, of which 
103 M is epidermis and 289 fi sub-epidermis. About midway between 
tbe epidermis and the eye there is a thin stratum of formed connective 
tissue (si, c<mt)f much denser than tbe surrounding tissue ; and imme- 
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diatelj beneath the dermal layer is a layer of cornparatiTely ooarae fibres 
arranged in bundles running more or less nearly parallel with one an- 
other. Among tliese bundles are blood-vessels and numerous cells, 
mostly of the kind that I have r^;arded as leucocytes. The remaining 
portion of Uie tissue in this region is composed of rather fine uniform 
fibres, containing very few cellular elements. I have said that the eye- 
enveloping portion of the connective-tissue capsule that is immediately 
over the lens probably represents the cornea, excepting its epithelial 
Uyer. When, however, we bear in mind the method of development of 
the cornea, — as first clearly made out by Kessler (77, pp. 8^94), and 
now understood by all embryologists, excepting in so far as this author 
believed it to contain, besides its epithelial layer, elements derived 
from the ectoderm ; and when we remember, further, that in the cumca 
of the normal adult eye, the substantia propria, together with the mem* 
brana elastica anterior and the membmne of Descemet, make up its 
entire thickness, excepting its conjunctival (i. o. epithelial) layer, the 
interesting question arises whether in such an eye as is represented in 
Figure 6 the layer em. should be regarded as representing the whole 
cornea, or merely the membrane of Descemet Should the latter inter- 
pretation he adopted, then it would follow that the tissue intervening 
between this and the dermal layer would be the substantia propria 
greatly thickened, and the dermal layer (c/rm.) would be the membrana 
elastica anterior of the cornea ; and what I have called embryonal con- 
nective-tissue cells (Fig. 17, d, eoaV.) might then be regarded as corneal 
corpuscles. However, I hardly think this the right view of the matter, 
since, as already pointed out, the tissue over the eye is mostly con* 
tinuous with that of the adjacent regions other than the sclera. It 
is possible that the strands seen at a. Figure 17, give some support to 
such an inteq)retatton. Hut whatever view may be taken, it seems to 
me that wc are justified in regarding the conditions here presented as 
evidence apiinst Kessler*s statement that a |)ortion of the cornea, he- 
sidim its opithvlial layer, is derived fVom the ectciderm. This author's 
account of the development of the cornea in Tnton is in subiitance as 
follows. 

Tlie first trace of it to appear is a thin layer of hyaline substanoe 
on the inner surface of the ectinlerm over the eye. This ap|)ears at a 
time when the mvity of the lens vesicle has wholly disappeared, and 
the retinsl layers have lieuun to lie differentiated. (See the author^s 
Kitfure 60.) Thi* layer in held to be socretwl from the cctnderro. The 
succeeding steps may best be given in the writer's ('77, ppw 89, 9(0 own 
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words: ^Wenn die zuerst vorhaodene hyaline Schicht eine gewisse 
Dicke (Figg. 60 und 61) erreicbt hat, wird dieselbe vom Honiblatt ab- 
gednngt durch eine zweite an dieses sich anbildende hyaline Schicht ; 
in das swischen beiden Schichten entsteheude Interstitium dringt von 
der Peripherie her eine einzellige Lage der spindelformigen Kopfplatten- 
elemente, die sich vorher schon in einen spitzen Winkel gegen das 
Horoblatt am Rand der Corneaanlage gestellt batten, ein (Fig. 62); 
sobald dieselben von alien Seiten her im Pol der Cornea zusammen- 
treffen, ist die erste hyaline Schicht von der unterdess zu der gleichen 
Dicke entwickelten zweiten vollstandig gesondert. £ben8o wie die erste 
durch die zweite, wird dann die zweite durch eine dritte neu sich bil* 
dende Schicht vom Homblatt und darauf durch eine zweite einwandemde 
Lage von Kopfplattenelemeuten von der dritten Schicht isolirt ; diese 
wieder vom Homblatt durch eine vierte neue Schicht und von letzterer 
durch eine dritte Zellenlage u. s. fl" It would thus appear that a very 
intimate connection is brought about between the ectoderm itself, the 
relatively large portion of the substantia propria derived from it, and 
the mesodermal elements of the cornea ; and it should be especially 
tiotioed that this process goes on at a comptiratively late stage of devel- 
opment, — viz. at a time when the retinal layers are being differentiated, 
and after the pigmented portions of the eye are well formed ; in short, at a 
stage only a very little earlier than that at which development is arrested 
in the eye of Typhlogobius. If such a process had ever taken place 
here, it seems almost certain that we should see some indications of it 
in such a stage as is shown in Figure 17 (Plate III.). But, on the con- 
trary, what we do find is no connection between the epithelium over the 
eye and the immediately underlying tissue, or at least almost none, and 
no indication of a hyaline layer on the inner surface of the epithelium. 
While, on the other hand, in older specimens (Plate II. Fig. 6) the epi- 
dermis and the sub-epidermal tissue are in close connection, there being 
no interruptions or spaces at all, and we have here a well defined nearly 
structureless layer closely adherent to the epidermis. 

There is considerable individual variation in the size of the eye. In 
three specimens, 50 mm., 60 mm., and 63 mm. long, the diameters, meas- 
ured parallel to the long axis of the head, were respectively 0.44 mm., 
0.46 mm., and 0.47 mm. ; the diameters transverse to the long axis of the 
head in the last two of these were, respectively, 0.39 mm. and 0.47 mm. 
In another specimen 63 mm. long, the diameter transverse to the head 
was 0.372 mm. ; the diameter parallel to the long axis of the head was 
not measured in this s^iecimen. This last measurement was made on the 
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MctioOy while the maMoremeDts in tha cue of the fini three were nuide 
with the ejes in pUoe in the head, the heed having been cleared in 
clofe oil. It if undoubtedly true, that aome of the difference in stae 
between the last mentioned eye and the first three was due to shrinkage 
in it during its passage through the paraffine. I hare made numeroua 
measuremeuls of the same eyes before embedding and after cutting, and 
hare always found the sections somewhat less in diameter than the 
whole eyes, even when all precautions had been taken to prsTent shrink- 
age. But certainly shrinkage cannot account for the great difference 
found here between the eye measured in section, and the one of an in* 
dividual of the same length measured in the head. This small eye, I 
should add, was the only one that I have found in which the lens was 
wholly absent This eye will be described later on. In a specimen 
25 mm. long the axial diameter of the eye was 0.28 mm., and its equa- 
torial diameter was 0.45 mm. In a specimen 19 mm. long the diameter 
in the long axis of the bead was 0.28 mm., and transverse to this it was 
0.39 mm. It sppears from these measurements that the eye does in* 
crease somewlmt with the increase in sise uf the animal, though it is 
trtie that, in view of the obvious individual variation in site in specimens 
of nearly the same length, not enough of the smaller specimens have 
been studied to determine definitely how much this increase amounts to. 
A sclerotic cuat, well detiued from the surrounding connective tissue. 
Is always present, though in some places its fibres, both singly and in 
bundles, leave their concentric course and pass off* into the connective 
tissue, snd thus bring sliout an intimate connection between the twa 
In some places the connective-tissue fibres not Monging to the sclera, 
but in its vicinity, are seen to have taken on a concentric direction even 
at a oiiHiderablo distance from the eye, and to have liecome mors 
numcrtMiM and more closely packed than is the case with the subcuta- 
neons eonnertive tissue in general. There is thus brought about a 
fusion to lonie extent of the eye bulb with the tissue in which it is 
omlH«<Mud. This statement applies especially to the eye the scctiou of 
which in shown in Fi^ro G. In most sections numerous flsttened con- 
n<H!ttV(^tiHiiuo cells are found in the sclero ; and in all the eyes that I 
have* MH^tioiiiHl th(* sclera in cartilaginous in the region corresponding to 
the om M*rrHta (»f the retina. The cartiU}:inous layer is usually only 
onr cfll thick, but tHx^onioimlly it is two or more cells thick (Figs. 5, d, 
snd I'J). In many n|»eciiiienn the cartilage does not extend entin*ly 
around the eye in the (H)uiitorifil xone, and in no case have I seen it 
extend more than halfway back to the entrance of the optic nerve. No 
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indication of ossification of the scleral cartilage, as is common in bony 
fishes, has been seen. No trace of an argentea is to be found. All the 
pigment is of the same dark brown granular variety, and, when seen 
by reflected light, never gives the white, silvery color that is character- 
istic of the crystalline material of the argentea. 

The choroid is exceedingly rudimentary, and in many specimens I 
have been unable to detect its presence at all. In the eye from which 
Figure 13 was drawn (Fig. 13, chr,)^ — a specimen the eyes of which, as 
will be seen further on, are better developed in several respects than is 
usual in these eyes, — it is more distinctly seen than in any other case 
that I have studied. Here the layer of pigmeut is very thin ; it is in- 
terrupted at short intervals, and cannot be traced for more than one 
third of the distance through which it would normally extend. Whether 
this pigment should be regarded as representing the lamina supracho- 
roidea, or as belonging to the choroid proper, it is impossible to say. 

In a few instances (Figs. 13, 14, 15, chr.cpL), a layer of cellular tissue 
has been found at the proximal pole of the eye, extending for a variable 
distance toward the anterior rim of the optic cup, but rarely reaching it. 
This layer is always closely applied to the outer surface of the pigmented 
layer of the retina, and in some sections it seems to be continuous with 
the pigment of the choroid. In some places (Fig. 15,cAr. cpl,) the tissue 
has very much the nature of formed connective tissue, while in other 
places (Figs. 13 and 14, chr, cpl,) the cells are spherical or elliptical, with 
indications at times of blunt processes, and with distinct nuclei. Where 
cells of this kind occur, the layer is somewhat thicker than where the 
structure is more characteristically that of connective tissue ; and in 
several instances blood corpuscles (Fig. 13, cp. mg.) are found scattered 
here and there in these thicker portions of the layer, indicating the 
presence of capillaries. I identify this layer as the chorio-capillaris. 

A conspicuous structure in all the specimens studied is a thick, 
usually short, somewhat lenticular mass of pigment occupying a position 
usually at the proximal pole of the eye, at or near the entrance of the 
optic nerve, by which it is pierced in some cases (Figs. 14, 15, etc, 
gl. chr.). This mass is concentric with the surface of the retina, but is 
always separated from it by a short though somewhat variable interval. 
In some places the cellular layer just described in part occupies this 
space, and tn some places the thin layer of choroid pigment is seen to 
enter the same space. The mass always lies within the sclerotic, and 
is always composed entirely of pigment. I have been unable to find 
any cellular or other protoplasmic elements in it. This body I interpret 
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as representing the ** ohoroid gland.^ The evidence for this is princi* 
pally iu the position which it oocupies, and very little in iU structure. 
It is true that this body may contain a small amount of pigment in the 
normal eye, as 1 find to be the case in Clevelandia, yet its characteristic 
structure consists, as is well known, in its richncMS in blood-Tessels ; but, 
as already said, none of these occur in Typhlogobius. Its position — vis. 
at the proximal pole of the eye at or very near the entrance of the optic 
nerve, and between the ohorio-capillaris and the sclerotic — is, however, 
strong evidence in favor of regarding it as the " choroid gland." This 
structure is described in text-books ( Wiedersheiro, '86, p. 4 1 2) as being 
situated in the normal fish eye between the argeniea an«l the pigmented 
layer of the choroid. The fact that no argontea is present in the eye of 
Typhlogobius weakens somewhat the force of the evidence that 1 have 
used to support the assumption tbat I have made with reference to the 
significance of the pigment mass described. But its relation to the 
chorio-capillans and the pigment layer of the choroid are the same as 
that of the ''choroid gland"; as is ahio its relation to the sclera, with 
the exception that no argentea is interposed between the two. Of 
course it is im|M)ssible to say that, were the argentea developed, it would 
lie between the sclera and the pigment mass, rather than between the 
latter and the pigmented layer of the choroid. We however have as 
much reason to suppose it would occupy the former position as the latter. 

The pigment Uyer of the retina is exceedingly thick. In a specimen 
about 50 mm. long, the entire thickness of the retina including the pig- 
ment layer was 0.108 mm., and that of the pigment layer was 0.07 mm.; 
while in a specimen of Clovolandia of about the same length, the entire 
thickness of the retina mcluding the pigment layer Iwing 0.13 mm., 
the thickness of the pigment layer was only 0.037 mm. ; that is, in 
Typhlogobius the thickncMi of the whole retina is to the thickness of the 
pigment layer as 1.5 : 1, while in Clevelandia the corresponding ratio is 
3.5 : I. In (jastenviteus, I find that alwut the same proportion holds 
as in Clevelandia, whereas in the perch (H. Muller, '57) the pro|iortion 
is at leaiit not less, and in the salmon a year old (Hoffmann, '83) the 
profMirtiou is C-|- : 1. 

TIk* layer is C4>iu|MMed wliolly of pigment of the dark brown granular 
vartotv. 1 have si^nrched in vain for cellular elements within it. In 
moiit N|>ecinK*nH the pi);nient is a very uniform mass ; but occanionally 
one findii an eye in which very distinct and perfectly round nodules c»f 
pigment (Kvur. Smie of these are so clear-cut and smooth in outline 
that tlM*y hiive tht* ap|K»arance of [wrfectly round cells m holly trans- 
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formed into pigment, though they are considerably larger than any 
cellfly even blood corpuscles, that are found in the eye (Plate II. Fig. 13, 
fflb, pig^)n They probably merely signify that the pigment tends to 
segregate in such nodules during its formation. On the inner surface 
processes of pigment project down among the rods, as in normal eyes« 
excepting that in most instances they are relatively much shorter and 
less distinct ; in some specimens they scarcely appear at all (Plate II., 
Figs. 5 and 13 jor'c). The greater portion of the thickness of the layer 
pertains to the region between the bases of these processes, i. e. the 
terminals of the rods, and the outer surface of the layer. And it is 
hence in this portion that the increase in thickness over that found in 
normal eyes has taken place ; for in the latter, this region is relatively 
thin. I am at a loss to know from what source this pigment has come. 
Ab already said, no cellular elements are to be found in the layer, so it 
ia quite certain that they have completely degenerated into pigment. 
I shall return to this question in the comparative part. The layer thins 
oat rapidly as it approaches the ora serrata, and is frequently thrown 
into an equatorially directed fold (Plate II. Figs. 5 and 13, *), which 
may extend entirely around the eye, but more commonly is confined to 
one side of it. 

Immediately in front of the thinned out region just mentioned, the 
pigment thickens again somewhat, to form the pigmented portion of the 
iris. This structure, though always present, varies greatly both in form 
and size. In a majority of specimens the pigmented portion constitutes 
the entire iris ; and in all cases it forms by far the greater portion of it. 
The dense pigment is entirely the same in structure as that in the pig- 
ment layer of the retina. In the few cases where a cellular portion is 
present, it is in small quantity, and appears to be of the nature of con- 
nective-tissue cells and fibres. Neither blood capillaries nor epithelium 
have been detected in this region (Figs. 5, 13, and 17, t>.). It fre- 
quently happens that the outer surface of the iris is in contact with the 
inner surface of the cornea (see figures), and it is thus made to appear 
as though the iris has a considerable part in addition to its pigment ; 
this, however, is undoubtedly only an appearance caused by the inner 
border of the iris having been thrust outward by some artificial means, — 
probably by the lens being in most cases moved outward, for this body 
is very loosely held in its place. In a few specimens a trace of the 
ligamentun pectinatum is present, though in most cases no trace of it 
exists. The short blunt processes of pigment occasionally seen project- 
ing toward the lens (Plate III. Fig. 17, )8) remind one of the ciliary 
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procenes, bat it is extremely doubtful if they should be so inteqnvtad. 
They are sitiutted too far from the ora serrata and too near the free 
edge of the iris. They are probably in some way merely incidental to 
the extensive pigmentation of the iris. 

In no instance are the layers of the retina in Typhlogobius as fully 
differentiated as in the normal eyes of fishes. I will first descrilw them 
as they are found in the migority of specimens, beginning with the inner- 
most layer, and will afterwards speak of the cases that show deviations 
from the common condition. 

An internal limiting membrane, distinct from the layer of nerve fibres, 
I have been unable to find. Corresponding with the exceedingly rudi- 
mentary condition of the optic nerve, the layer of nerve fibres is very 
thin, even in the immediate vicinity of its entrance, where, in the normal 
retina, it reaches its greatest thickness. In many sections only frag* 
ments of it are to bo seen ; and for considerable areas no traces at all 
are found. It is possible that its absence is due to its having been 
broken away during the pre|)aration of the sections ; but, however that 
may be, it is certain that, wherever present, the layer is very thin (Plata 
II. Fig. 5, PUte III. Figs. 18 and 21, ti.fhr, of»i.). The next layer, vii. 
tliat of the ganglion cells (Figs. 18 and 21, cl. yii.), is always distinct, 
and is from one to throe or four cells in thickness. As a rule only the 
nuclei are dintinguishable ; but occasionally the cell bodies can be made 
out. Examined under high powers and with careful fi»cusing, some of 
these are found to |knmo8s one or more processes (Fig. 18, cLgnJ), A 
nuclear membmne can usually be seen, as can also one to neversl darkly 
stained particles within the nuclei. The nuclei are in general very 
nearly spherical, though there is a tendency for them to become ellip- 
tical with the longer axis radially directed. 

The inner reticular layer {M. Hi, t.) is well developed in all cases, and 
is eniK*ntittny the same in structure as in the normal eyo, though I have 
not dctocto«l any (»f the fibres running parallel witli the surfiice of tlie 
retina that are fonn<l in normal tinh eveo. Within this laver the radial 
fibres of Mullur (/hr, Afu,) can usually be made out, though they a|>- 
pear to Iw few and indistinct. 

The rt»nmining |M)rtion of the retina, as far as to the extonial limiting 
menibriine, is nevi>r fullv ditferentiatcd into the lavers that are f«>und in 
the nonniil eve l>etwi»en this membrane and the inner reticular laver ; 
and in many s|>e(*iniens scan^ly any indication of a diflferentiatiiin can 
hi* fMNM). AlMMit tho average* condition is nhown in Figure IS, «l. fYm.', 
where a laver c»f nuclei («/. n/. t.) about two or three deep may lie dis- 
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tinguiBhed ueit to the inner reticular layer. These are slightly larger, 
on the average, than are the more superficially situated nuclei (st, nL ear.), 
and they also stain somewhat more deeply. Usually each nucleus has 
a centrally placed nucleolus, and a not very distinct nuclear membrane. 
These nuclei undoubtedly represent the inner nuclear layer, though 
whether the entire layer or only its spongioblasts, it is impossible 
to say. 

Following this layer there is usually a single layer of nuclei {it. rtL ex,) 
that are considerably smaller and less distinct than those of the layer 
last described. Not only are the nuclei themselves here smaller and 
lees distinct than those of the layers on either side of them, but spaces 
(jf. rU. ex,^ are seen at intervals in which there are no nuclei at alL It 
seems quite certain that the outer reticular layer is represented by 
these spaces. 

Finally, outside of this layer follows another of nuclei about one or 
two deep (st, nl, ex,) that are again somewhat larger and more distinctly 
stained than those in the layer last described. No difference between 
them and those of the inner nuclear layer can bo discovered, excepting, 
as said above, that they are slightly smaller, and stain a little loss 
deeply. They are undoubtedly the nuclei of the rods, i. e. the outer 
nuclear layer, though I have been unable to trace a connection between 
them and the rods, and it is somewhat surprising that they are slightly 
greater in diameter than the rods. 

The external limiting membrane (mb. lint* ex.) is usually quite 
distinct. 

The rods are well — probably normally — developed, but I have 
■earched in vain for cones. In the retina shown in Figure 18, they are 
qaite variable both in length and diameter, being in a few instances 
knobbed at the outer ends (hoc, da.). It is, however, quite possible 
that both this appearance and the shortness of some of them are due 
to artificial causes, but the variation in diameter could scarcely bo so 
explained. 

With a single exception, to be described more minutely hereafler, 
the lens has been present in all the specimens studied in detail. 

It differs in no way in structure from the lens in normal fish eyes that 
I have examined ; i. e. it appears entirely homogeneous and structure- 
less after preservation in alcohol, Perenyi's fluid, or picro-nitric acid. 
It is held in position very loosely, and consequently is easily displaced ; 
it is frequently found, in prepared specimens of the eye, pushed entirely 
out of ita proper situation into the somewhat yielding connective tissue 
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which lies immediately over it No trace of a auBpeDsory ligament aeems 
to be present, nor have I been able to find a processus falcifonnis. 

In a single instance, viz, in the eye portions of which are shown in 
Figures 13 and 21, and which has already been spoken of as showing 
in several respects a higher state of development than any other speci- 
men studied, I find close behind the iris, within the cavity of the 
eye, a few strands of tissue containing a few small nuclei, which may 
possibly be regarded as the hyaloid membrane, though I do not feel at 
all certain that this is their nature. In the same specimen a very few 
blood corpuscles are also found close behind the lens within the eye 
chamber. With this single exception I have been unable to find a trace 
of tissue within the chamber. 

The optic nerve, although exceedingly slender, is always present, so 
far as my observations have gone. A very striking fact in connection 
with it is the thick sheath of pigment that surrounds it in its passage 
through the retina (Figs 6, 13, and 15, pigJ"). This sheath invests the 
nerve very closely, no space existing between it and the latter ; however, 
in its course through the retina, a considerable non-pigmented space is 
sometimes seen between its outer surface and the pigment of the ret- 
ina ; indeed, in a migority of cases the outer boundary of the alieath 
can be traced entirely through the retinal pigment. 

These facts make me incline to the opinion that this sheath really 
belongs to the nerve, and has arisen by the pigmentation of the outer 
portions of it. The fact that in many cases it continues on without 
interruption through the cellular portion of the retina, nearly to ita 
inner surface (Plate II. Figs. 6 and 13), gives considerable confirmation 
to this view. It would seem, however, were this the right interpreta- 
tion, that we should find a rather more gradual disapiiearance of tlio 
pigment in passing, on a section, from the main mans of the wall of 
the sheath to the unpigmented portion of the nerve, than we do ; but 
the inner surface of the sheath is not quite as shaq»ly defined aa its 
outer surface is. 

On account of the position of the eyea, far anterior to the brain, and 
near the anterior extremity of the head, the ofitic ner%'es are very long. 

The muscles of the eyeballs (Fig. 8) are also very long and slender, 
and arc probably always present, though I have not Ikh^u able to detect 
them in the sections in all cases; but in e\es dissected out and cleared 
in glycerine or clove oil, or slightly stained in Schneider's acetic acid 
carmine, I have always found them. Figure 8 is a camera drawing 
from a glycerine preparation, shoving all tlie rouaclea excepting the 
internal oblique, and also the nerve. 
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I will now deacribe certain eyes that present exceptions to the con- 
ditions already described. The first will be the eye that shows the 
nuudmum development ; the second, eyes that show the minimum devel- 
opment and the maximum degeneration. 

The specimen that shows the greatest development has already been 
mentioned (page 61) in connection with the choroid and the hyaloid 
membrane, and the reader is referred to the statements there made con- 
cerning these structures. 

The roost interesting evidence of unusual development is found in 
the greater differentiation of the layers of the retina ; and it is in the 
greater distinctness of the outer nuclear (tL nl. ex,) and outer reticular 
(if. rU. ex,) layers that the difference chiefly consists (Fig. 21). Whereas 
the former is ordinarily, as in Figure 18, only one or two cells thick, 
(exclusive of the cells st, ril. ex.), in this instance it is three or four cells 
thick ; but more significant than its greater thickness is the fact that 
the deepest cells (nl, ba.) are arranged in a regular layer one cell thick, 
and closely packed. 

What this layer of nuclei represents will be pointed out in the com- 
parative part ; it may be said here, however, that it probably does not 
belong to the outer nuclear layer. Although the external reticular 
layer even here does not present a well defined boundary either inter- 
nally or externally, — particularly not internally, — the irregular areas 
which have already been mentioned as being destitute of nuclei in the 
average specimens (Fig. 18, it. rtl, exS) are here considerably more dis- 
tinct (Fig. 21, St. rtl. ex.), both as to thickness and frequency of occur- 
rence. In fact, the layer may be regarded as having the characteristic 
structure of the normal eye, excepting that it contains a considerable 
number of scattered nuclei, and is without distiuct limitation internally. 
The rods also seem to be better developed in this specimen than in 
others. In many of them what has the appearance of an indistinct 
structureless nucleus may be seen occupying the extremity of the fourth 
of the rod nearest the external limiting membrane (Plate IV. Fig. 22, 
a and 6). This one fourth probably represents the inner member of the 
rod. In some cases the nuclear-looking structure terminates on the side 
directed toward the distal end of the rod with a well defined straight line, 
but in other cases the whole has a round or elliptical form. This portion 
of the rod takes stain slightly, but it is tlie only portion that does. The 
substance of the remaining portion is uniformly opaque-glassy in appear- 
ance, excepting that numerous pellucid spots e^ist in it. These are con- 
nderably more distinct in some rods than in others, and occasionally 
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they form a regular row through the whole length of the outer member 
(Fig. 22y c). They are mostly confined to the outer memberB, but in 
some rods a single one of unusual distinctness is found in the inner 
member. 

I now pass to the least developed and most degenerate eyes. Perhaps 
the specimen most interesting in this respect is the one shown in 
Figure 6. In this the lens is entirely absent, a continuation of the 
pigment layer of the retina extending without break entirely over the 
space that this structure should occupy. The series of sections of this 
eye is complete, and every section is as perfect as the one from which 
Figure G was drawn; so there can be no possibility that the absence 
of the lens is due to artificial causes, or tliat an error in observation 
has been madd. I should add, also, that I have an eqiudly complete 
series of sections of the other eye of the same individual, and this sliows 
the same structure in every particular. Over a portion of the outer 
moiety, the pigmeut is disposed in a double layer (Fig. 7,/N^.'and /m^/.''). 
The outer of these layers is more directly continuous, both in thickness 
and direction, with the pigment layer of the retina. The inner layer 
presents a considerably thickened mass, pig J', irregularly lenticular in 
form. From the appearance shown in this figure, one is temfytcd to 
regard this pigmeut mass as a remnant of the lens, the thinner portion 
of the layer at its edges, which connects it with the pigment layer of the 
retina, representing the iris. It is very doubtful, however, if such is 
the case. With such an interpretation the outer pigment layer (/m^.') 
would seem to represent the inner layer of the cornea ; and this would 
affonl an explanation, not obvious otherwise, of the continuity of the 
layer over the pupil. But there are several diflliculties in the way of 
these convenient interpretations. In the first place, the pigment mass 
under c<»niuderation is found on examining the entire series of sectttms 
to lie very irregular in form, and, as shown in Figure G, to become con- 
fluent witli the outer pigment layer {pigj) in some portions of the eye ; 
in the second place, ss is shown in the figures, and has alremly lieen 
mentioned, the outer layer is directly continuous with the pigment layer 
of the retina, which of course it sliould not be if it lielongM to the 
coniea ; and, in the thinl place, the inner layer of the cornea is itself 
pn*m*nt and not pi^smented (FI^n. G and 7, rm.). 

<*onceniing the condition of the retina in this eye I Hpc>ak with c«»o- 
siderable hi*fiitation, U^cauiie of a fear that its |)eculiarities may l»e due to 
artificial cauM*ii. I should say, however, that the s|»eein)cn was hard* 
ene«l in rhn>niic iicid, and that all the tissues around the eye are well 
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preaerved. If the retina is macerated, it is because the preserving fluid 
failed to penetrate through the pigment layer in which it is wholly 
incased. Consequently, I shall not dwell at length on the subject, nor 
insist much on the significance of the structure described. Figure 19 is 
a rather highly magnified view of a meridional section of the retina 
near the ora serrata. It will be seen that only the layer of ganglion 
cells, the inner reticular layer, and undifierentiated layer are here 
distinguished. The inner reticular layer does not difier from that 
found in ordinary eyes. But with the other layers the case is quite 
different. The nuclei are much less closely packed than in other eyes, 
the intervening spaces being occupied by a few scattered fibres. The 
nuclei appear to be of two quite distinct kinds. One kind (leu'cy.) is 
somewhat larger than the other, stains considerably less deeply, is less 
refractive, and shows no trace of a membrane. In the other kind, the 
nuclei are smaller, d,, cl,\ clJ'y stain deeply, and are refractive in such 
a way that in focusing through them they take on the three' different 
appearances shown in the figure ; i. e. when seen at a high focus they 
appear uniformly dark, as at c/1 ; at a deeper focus the appearance is that 
of a disk with a dark line at its circumference, a light yellow zone (rep- 
resented in white in the figure) inside of this, and a uniformly dark 
spot in the centre, d. \ at a still deeper focus the appearance is that of a 
dark ring with a light centre, c/." A few of these latter have two or 
three longer or shorter processes, but by far the larger number of them 
are spherical, or nearly so. 

No rods are present in these eyes, though this portion of the retina is 
80 ragged and formless that it is impossible to say whether they have 
ever been developed or not. It is quite possible that the larger bodies, 
in which, however, no nuclei are visible, are leucocytes. 

Another interesting exceptional case is that presented by the section 
of the eye shown in Figure 12. It will at once be seen that the point 
of chief interest lies in the double layer of pigment that is situated 
behind the lens within the cavity of the eye. The outermost of these 
layers is in close contact with the posterior surface of the lens, while the 
Innermost is in close contact with the inner surface of the retina. I 
cannot, however, satisfy myself that either layer is developed at the ex- 
pense of the parts to which they are respectively adjacent. It is tnie 
that the line of contact between the lens and its pigment layer is not a 
sharp one, there evidently being a gradual disappearance of the pigment 
here. The lens, however, shows no flattening on this side, as it would 
were the pigment layer formed at its expense ; but more than tliis, the 
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pigment layer extends on either tide beyond the Ien% its outer edge be- 
euming on one side (the lower one in the figure) continuous with the 
inner Uyer of pigment, and on the other side with the pigment layer of 
Uie retina. The connection with the outer is shown rather indistinctly 
in the section figured, but much more distinctly in some of the otlier 
sections of the serieSi as is also the fact that at places the iris is entirely 
cut off from the retinal pigment. If, then, these layers of pigment have 
oome neither from the lens nor the retina, the only other structures 
in this region that they could come from are the vitreous body and the 
hyaloid membrane. In other respects this eye does not differ appre- 
ciably (torn the usual structure already described, with this exception, 
that the undifferentiated layer of the retina shows somewhat less differ- 
entiation than usuaL I have studied these sections in vain to fiud 
convincing evidence of actual degeneration within the retinal elements 
themselves, in addition to the pigmentation. 

I now present a table showing some of the results of measurements 
that have been made of the retina, lens, and optic nerve : — 
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lVrhn|Ni the most important thing that those moaauremonts reveal is 
the fact that the eyes are subject to great variation, an well in the ]in>- 
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portion of their constituent parts as in their size and degree of differ- 
entiation in different individuals. 

It is quite probable that some of the differences in thickness between 
the retinas of different individuals is due to the fact that measurements 
hmve been made on sections not quite meridional in direction. Care has 
been taken, however, in each instance to avoid this source of erron But 
in the case of the one giving a thickness 0.145 mm. greater than that of 
the normal retina in Clevelandia, the sections are so cut that none are 
quite meridional. As may be gathered from Figure 13, this eye is so 
flattened in its axial direction that the retina is almost disk-shaped ; and 
finom this fact it was possible so to cut the retina that none of the sections 
would be entirely perpendicular to its surface. The sections are so cut 
obliquely, though the deviation from the perpendicular is certainly not 
sufficient to account for the great difference in thickness that is shown* 
But the difference in proportiun between corresponding layers in different 
retinas cannot be explained, even in part, as due to artificial causes. In 
one of the specimens 19 mm. long, the ratio between the inner reticular 
Uyer and the whole retina is 1 : 7, while in the other it is 1 : 13. 

From the measurements here given alone, it might be concluded that 
there is a gradual increase in thickness, and a constantly advancing dif- 
ferentiation in the retina, with increase in the size and age of the animals. 
Such a conclusion is not warranted, however, when the whole number of 
specimens and stages tliat have been studied by me is considered, though 
it must be admitted that, in view of the obviously wide range of in- 
dividual variation, the number of specimens examined has not been suf- 
ficiently large to justify an unqualified denial that such is the case. All 
that can be said with positiveness is, that, notwithstanding the fact that 
the thickest and most fully differentiated retina has been found in a 
specimen much larger — and therefore presumably older — than the 
smallest studied, yet several still larger individuals have shown retinas 
Uiinner and less differentiated than those of the smallest individuals ; 
and, further, that in one instance at least one of the smallest individuals 
shows in the distinctness of the outer reticular layer as great a degree of 
differentiation as any retina examined. It would ))e a very interesting 
and significant thing, if, owing to a retardation in development, differen- 
tiation of the retina should continue throughout the entire life of these 
fishes ; since we know quite well that normally the fish eye becomes func- 
tional and differentiated at an early period in development (Balfour and 
Parker, *82, pp. 371 and 384 ; Ryder, *84, p. 500 ; Hoffmann, '83). 

It is exceedingly desirable to ascertain what law, if any, controls the 
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variations of fimctionleas organs. Having now bofore ns the fiicts relating 
to the structure of the eye, we may pass to some reflections on their 
significance when oonsidered from a comparative and a developmcntiU 
point of view. 

First of all, I will speak of the pigment byer of the retina. This has 
the greater interest sinoe, according to K. Wright (Wiedersheim, '86, 
p. 427), in the retina of the ** blind fish Chologaster papilliferus there is 
no pigmented epithelium." 

It has already been shown that in Typhlogobtus this layer is always 
thicker, relatively, than in the normal fish eye, being thicker than the 
entire remaining portion of the retina. I am in considerable doubt as to 
how this thickenniug has taken place. The first explanation that sug* 
gested itself t<i me was that the choroid had become wholly converted 
into pigment and fused with the pigment lamella of the retina. How- 
ever, the dense and uninterrupted character of the pigment of the layer, 
and the evenness of its external surface, at once threw grave doubts in 
the way of this explanation, and the more l)ecause of the rather meagre 
tievelopment of the choroid in the normal eye of bony fishes. Then, as 
the chon>id was found on further study to be present outside of this 
layer, the only remaining alternative was to suppose the latter to be 
wholly derived from the proximal wall of the primitive optic vesicle ; 
i. e. to represent the pigment lamella of the retina. We may pmuiibly 
suppose that the proximal wall of the primitive optic vesicle never be- 
came thinne<l out m it does in nonnally developing eyes ; but the fiict 
that this proceAi takes place very early — in bony fishes, nt least, by the 
time the diflferentiation of the retina has l)egun — is quite a serious oIk 
jection to such a supposition. But even if this were the case, it is hardly 
possible to believe that this layer was ever as thick as we find the pi|^ 
metit layer in the adult fish to be. We seem forced to suppose that for 
some reason the layer has actually increased in thickness concomitantly 
with the rt'tardntion in the development of the eyo, or, it is quite |mi»- 
niblc, with the dftfenfration of this particular part of it. 

I would call attention to the comparison of Typhlogobius with Cleve- 
landia in this n'pinl. From the figure of the retina of the latter, it will 
Im* seen that the retinal pigment appcare in two quite well marked 
lay«*m, an outer and an inner, the two l>eing connected at short but 
RouH'what irnnruUr intervals by crossbeams or processes (Fig. 20, rx., 
I., an<t ffi.). From this it si'ems that the inner extremities of the pnv 
0(*iuM*s of the retinal pitrment layer, wliicli in normal eves, and particu- 
larly in many teleostean eyes, project far down among the rods and 
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cones, have here become fused together to form a continuous inner 
layer, i. 

So far as I have been able to determine, this condition is peculiar to 
Clevelandia, at least to the extent in which it is here seen. The inter- 
esting question now arises whether we have here the beginning of a 
process that would, under conditions that have brought about the 
changes seen in the Tjphlogobius retina, ultimately result in a similar 
thick, solid retinal pigment layer ; this being effected by a still fur- 
ther fusion of the cross rods of pigment now seen« As already pointed 
out, it is certain, both from Dr. Eigenmann's observations and my own, 
that Clevelandia spends some time at least in holes in the ground.^ 

The only doubt existing concerning the identification of the layers of 
the retina is with reference to what I have called the outer reticular 
layer (Plate III. Figs. 18 and 21, st. rtL ex.), and the layer of nuclei 
(Fig. 21, tU, 6a.) that has been designated by the non-committal term 
of ** basal nuclei," basal, i. e., with reference to the outer nuclear 
layer. On comparing Figure 21 with Figure 20, the section of a Cleve- 
landia retina, there will be little doubt of the correspondence of layer 
nL ba, in the two cases ; but at the same time the entire absence of 
layer /tf/. (Fig. 20) will be noticed in Figure 21. These two layers 
together seem to correspond to W. MUller's ('74, pp. 60 and 61, Taf. 
XIII. Figs. 4 and 7) layer of tangential fulcrum cells. This layer is 
described by this author as being composed in Petromyzon of ** zwei 
Etagen grosser quadratischer Zelleu, zwischen welchen eine Schicht 
ganz fiacher, in faserartige Ausliiufer sich fortsetzender Zellcn gelagert 
ist." The layer is said, in the same connection, to be subject to much 
modification in the different families of fishes, in which alone it is well 
developed ; but the Pcrcidw and the Cyprinida; are mentioned as telcos- 
tean groups in which the layer with both its '* Etagen " is present. Ac- 
cording to this interpretation the external granular layer of M. Schultze, 
called in this paper the external reticular layer and by Krause (*76) 
the raerabrana fenestrata, is not present in either Clevelandia or Typhlo- 
gobius; and it is instructive to note that Krause does not find this 

^ I may here add an observation recently miide, which indicates that the time 
thus passed hidden from the light is not inconsiderable. On some of my visits to 
the beach at West Berkeley I have found the fish very numerous in the tide^pools, 
wliile at other tiroes hardly any are seen. Whether their absence is due entirely 
to their having gone into the holes I am not sure ; but however that may be, at such 
times I have occasionally found them by digging. I am not yet able to say whether 
tlieir disappearance is in any way correlated with conditions of the weather at 
regards sunshine. 
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layer in Peroa fluyiatilis. lU position would be between the external 
nuclear layer and the layer a/, ba, (Figs. 20 and 21). The outer of the 
two ** Etagen " of MuUer's tangential fulcrum cells appears to oomv 
spoud to Krause's membrana perforata^ and likewise to IL Schultse*s 
basal plexus, and the inner to Krause's stratum lacuuosum ; this would 
make the layers nL ba. and tL rtL ex. of the Typhlogobinus retina the 
membrana perforata and the stratum lacunosum, rospectiTely. An 
objection to this interpretation is possibly presented by Hoffmann's ao* 
count of the development of the Salmon retina. His Figures 10, 11, 
and 12 (Taf. V.) show that what he calls the tangential fulcrum cells 
become differentiated quite early, certainly as early as the sta^e of 
development represented by the partially developed retina of the adult 
Typhlogobius. But judging from the position of this layer in relation 
to the inner nuclear layer and the layer that he regards as the outer 
granular layer, it would seem that his tangential fulcrum cells corny 
spoud to the inner ''Etagen** only of what MuUer designates by tliat 
name. But according to my interpretation these cells are not present 
in Typhlogobius, unless they be represented by the scattered cells in 
layer ai, rtL ex. The chief point to be made in this discussion of the 
homologies of the retinal layers is this. In the most differentiated 
retina^ even though all the layers found in the normal adult fish eye 
may be marked out, the differentiation is much less complete as regards 
the sone between the two nuclear layers than it is in the normal eye of 
a closely related genus ; while in a majority of individuals development 
is arrested at a considerably earlier stage. 

In view of the almost universal statement that the rods and cones 
are the latest of all the parts of the retina to be developed, it would, I 
think, hardly be expected that the rods should lie as c«)roplete as they 
are in these eyes. O. Hertwtg ('90, p. 402) says, ** Of all fwrts of the 
retina the remarkable rods and cones are the latest develo|icHl.** Hoff- 
mann (*83, p. 68) says, '* According to all other authors [Lowe ex- 
oopte<l] they [the external members of the rods and c«>nefl] arise lat<*st 
of all the retinal elements in the different animals ; and it is likewise so 
in bony fislies.** It would certainly seem that the testimony of the eyes 
of Typh1u)^)bius is against the absolute correctness of these statements. 

The re<*(*iit |Mipers of Honn ('89), Kohl (*89). and Schlanipp ("91 anti '92) 
togi*th«*r with the Hoinewhiit <»lder contributions to the same subject by 
I^ydig, Kndyi, (^lOivio, and others, make possible a detailed comparison 
f»f the (•yi's uf Typhlogobius with those of Proteus aiiguineus and Talpa 
ouni|ies. 
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On the whole, it appears that the eye of Proteus is more rudimentary 
than that of either Typhlogobius or Talpa. The most distinct indica- 
tion of this is in the absence of the lens in the adult animal. 

With reference to it Scblampp says ('92, p. 555) : ** Die Linse [in Pro- 
teus] wird gleichzeitig mit der Einsttilpung der primareu Augenblase 
angelegt, wachst in den sekundaren Augenbecher hinein, wo sie bei der 
Larve noch in der Gegend des vorderen Augeupoles zu finden ist Sie 
kommt aber Uber die zellige Struktur der erobryonalen Linse uicht 
hinaus, erleidet vielmehr durch Nichtgebrauch alsbald eine Rdckbil- 
dung, so dass sie bei ganz jungen Thieren an Gr5sse und Zellmasse 
schon bedeutend reducirt ist, im spateren Leben aber resorbirt wird und 
spurlos verschwindet." 

The lens is present in Talpa, though it retains its embryonic cellular 
structure throughout life, wholly according to Hess ('89, p. 8), partly 
at least according to Kohl ('89, p. 385) and others. In this regard, then, 
it is more rudimentary than the lens of Typhlogobius, The choroid 
is present in Proteus, consisting, according to Kohl ('89, p. 406) *' aus 
mehrereu Zellenlagen mit reichlichem Pigment, das sich stets in zwei 
Lagen anordnet, von denen bald die eine, bald die andere die grOssere 
Starke besitzt. Die innere derselben reprasentirt das vielfach (so auch 
Hess) schon zur Retina gerechnete Pigmentepithel." It also contains 
blood capillaries according to both Kohl and Hess. As regards the 
choroid and the pigment lamella of the retina, it would seem, according 
to these statements, that the eye of Typhlogobius, with its exceedingly 
rudimentary choroid and greatly thickened pigment lamella, is some- 
what more rudimentary — it may be even degenerate — than that of 
Proteus ; though it must be borne in mind that the choroid is compara- 
tively feebly developed in nonnal teleostean eyes. 

In Talpa the choroid reaches a relatively slight development, and has 
little pigment, while the pigment layer of the retina is highly developed 
(Hess, '89, pp. 3 and 4). In this regard it more nearly agrees with 
Typhlogobius than does Proteus. The iris, considerably thickened with 
pigment, the ligamentum pectinatum, ciliaiy body, and ciliary muscle, are 
all present, though reduced, in Talpa, according to Hess. 

With regard to the retina of Proteus, Schlampp's statement in his 
summary is as follows : ** Die Retina breitet sich, Mangels des central 
Glaskdrperraumes, nicht flachenhaft aus, sondem wird eine solido 
Kogel, welche axial von Sehnerven durchzogen wird. In ihrem histolo- 
gischen Baue weicht sie nicht wesentlich von der Netzhaut der Am- 
phibien ab, die Endapparate erreichen aber die endgUltige Form nicht" 
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Alao according to Kohl ('89, p. 407), the nenre-fibre lajer, the gan- 
glion-coll layer, the inner and outer nuclear layers, and the inner re- 
ticular layer are preneut Regarding the outer reticular layer and the 
optic colls he says : " Zwischen don beiden K5menichichten habe ich die 
atlaaere reticulare Schicht (ZwischenkOmerschicht) immer durch eino 
fortlaufende, oft gar uicht so achmale Spalte repriisentirt gefunden. 
. . . Die Sehzellen, die aich roit Picrocarmin meist sehr 8ch5n farlien 
lasaen, seigen ungemein mannigfache Formen : bald gans flach, bald 
nahezu kreisrund. Ocfter fand ich vollkomroen entwickelte Zapfohcn, 
niemals jedoch auch nur annahrend stfibchenartige Gebilde. Die Hem- 
mung in der Kntwicklung ist ebeu auch hier schon m> frUh eingetreten, 
dasa eine auagesprochene Sta))chen- und Zapfenschicht nicht mehr sur 
Auabildung kommen konnte." 

Of the retina in Talpa, Heas says that the ner%*e-fibr6 layer is very 
thick near the entrance of the optic nerve, and that the inner reticu- 
lar layer contains cells ; he quotes I^ydig and Kadyi to the effect that 
the optic cells consist exclusively of rods, and he adds ('89, p. 5), 
'* Uelter die anden^n Itetinaschichten ist Hesonderes nicht horvorxuhe- 
ben." Kohl (*89, p. 384), however, states that '* Zapfchen sind stets 
vorhanden : oft vcreinzelty oft sehr sahlreich und die Stiiltchen nahecu 
vertlriin^nd. Ik>i einem Exemplar ztiigen die Sehzellen noch jene 
Form, die sich bei Kmbryonen eines gewissen Alters findet, und noch 
nicht erkennen liisst, oh die IwtrefTcndon Zcllen sich xu Stiil)chcn oder 
su Zap<rlieu welter ontwickelu werden." It thus appears that the three 
retinas have reached alniut the same stage in development ; that of 
IVotens liein^ probably cm the whole the most rudimentar}*, and that 
of Typhl<»)c<>biun, at any rate as n*presented by the one shown in 
Figure 21, the hmst so. 

Am n^pirdn the vitnxMis IxkIv, Schlampp finds that it is entirely aliaent 
in the fve of PnitiMis ; while Kohl ('89. pp. 400 and 407) finds a Htnio- 
ture which he n*pinlM as the hyaloid membrane, or '* the menibrana 
limitaiiH interna, the only reprem*ntative of the vitreous \tody in the IVi>- 

tens eve.*' Hess and Kohl both descrtbo the vitreous body as present in 

• • • 

TalfMi, and, acconling to the latter, it contains numerous blood-vesaels. 
It will lie nMntMiilH*n*d that no trace of this stnicturt* has lieen found in 
thr cvt* of TvpliloifijbiiiH. with |H>HMibly a mn^h* exception. 

All an* ii^nMnl itt pn*H<«nt, it apiieani, that the i>ptic nerve is present in 
\Hii\\ iVi'tetiH hikI TiiIfMi, tlmu^xh Hesn cpiotes Sem|>er ait stating that it is 
entin»ly tleirein-nite*! in TiiI|ml I find no acc(»unt, however, of its ever 
haviut; in either of these aninmU a pigment sheath in its |MiJwage thmui^i 
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the retina^ such as occurs in Typhlogobius. But it is interesting to no- 
tice in this connection Kohl's description of this portion of the nerve in 
Proteus. He (*89, p. 408) writes : " Beim Durchgang des Opticus zeigen 
die Zellen der Retina ein eigenthiimliches Verhalten. Ihre Kerne werden 
sehr langgestreckt und sie ordnen sich um den Nerv in 1-2 dichten Lagen 
dergestalt an, dass sie schon kurz vor dem Eintritt des Opticus in die 
attssere Komerschicht und auf der ganzen Strecke, die derselbe sich durch 
die Komerschichten hinzieht, eine Art fester H5bre um ihre bilden/* 
It is quite possible that the pigment sheath described in the Tjphlogo- 
bius eye may have been preceded by such a cellular sheath as this ; but 
if so, my conjecture that it is derived from the nerve itself, and not from 
the surrounding retina, would be, of course, erroneous. It is also worth 
mentioning that Berger ('81, p. 262) has described pigmented fibres 
arising from the choroid as passing through the optic nerve in some 
fishes. 

We have not yet sufficient knowledge of the minute structure of the 
eye of any of the other blind vertebrates, Myxine and its allies excepted, 
to make possible further detailed comparison. With reference to the 
eyes of the MyxinidsB, it should be said that, from the investigations of 
J. Mttller C35-41), and, later, W. Miiller ('74, pp. 7-15), we know that 
they are far more rudimentary than in any other vertebrate whatever, 
unless we admit the exceedingly problematical pigment spot at the 
anterior end of the nerve cord of Amphioxus to be homologous with the 
eye. It is, however, instructive to notice wherein the eyes that we have 
been considering may be regarded as passing along the same degenera- 
tive road over which the Myxinoid eye has passed, and in what respects 
they might seem to be on different roads. The eye of Myxine is buried 
in the tissue of the head in much the same way as in the other forms, 
excepting that, in addition to the layers of skin and the connective 
tissue by which it is covered, there is also a layer of muscle over it, and 
it is immediately surrounded by a sort of capsule containing in its sub- 
stance much fat. As the foregoing pages have shown, there is no indi- 
cation of either the muscle layer over the eye or the fatty layer around 
it in Typhlogobius, Proteus, or Talpa ; but it is of course entirely beyond 
our power to say that there never could be such structures. 

Neither lens nor eye muscles, nor anything that can properly be re- 
garded as a cornea, sclerotic, or iris, are present in the eye of Myxine- 
The primitive optic vesicle never becomes wholly obliterated, and the 
retina reaches only a very rudimentary degree of differentiation. W. 
MUller ('74, p. 14, and Fig. 3, Taf. XI.) recognizes in it, however, the 
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Internal limiting membrane ; the inner reticular layer (oalled bj him 
the neuroepongium), and scattered in thin the ganglion cells ; the inner 
nuclear layer (called by him the ganglion retinae) ; the rudimenta of 
the rods and cones ; and the radial fibres. Krause's remarks on the eye 
of Myziue are interesting. He ('86, p. 19) says: "Sein Auge wflrde 
lu den pemHickem rttokgebildeten, wie das von Proteus anguineua 
lu rechnen sein, und man kann die nidiroentiir entwickelte Retina 
deshalb nicht sur Construction phylogenetisches Aufbauten benutien.'* 
It appears to roe that the most interesting fact concerning the Myzi- 
noid eye, at least fh>ro a comparative point of view, is the entire ab- 
sence of pigment in it. I may here say that I have made some sections 
of the eye of a member of this family found at Monterey, Cal., and 
named by Lockington (*78, p. 793) Bdellostoma stoutii, and can con- 
firm the statements made on this point by all other observers. I have 
so far found no trace of pigment in the eye. The proximal layer of 
the primitive optic vesicle remains distinctly cellular throughout life, 
as always stated, but no pigment appears either in it or in the meeo> 
dermal tissue immediately surrounding the eye. If, as seems certain 
with the rudimentary eyes of the three forms that we have been consid- 
ering, an increase of pigment is an incident to the gradual diminution in 
functional importance and structural completeness, I can see no very 
satisfactory explanation for the absence of pigment in the Myxinoid eye, 
if we are to suppose, as I take it for granted we must, that it too la 
the result of arrested development. 

Wymai) (*54, p. 395; 'A4*, p. 18; see also Putnam, 72, pp. 18, 19) 
has made us accpuiinted with the eye of Amblyopsis speUeus as far as he 
was able to with the methods of moqihologicol investigation of his time. 
And it is altogether probable that all he has made known concerning 
this species holds good for Typhlichthys subtorraneus, since the two 
forms are so nearly alike that systeinatists are not fully agreed that 
they should be oonsidenMl as separate species. 

According to Wynian, the eye of Amblyopsis has ^'a sclerotic emit, 
a choroid coat, a layer resembling the retina, a lens, and a nerve.'* 
Ilia UMtcs, publishe<l by Professor Putnam, give somewhat more of de- 
tail as ti) the stnicture of tliene several parts. He says : '' Under the 
micnMic()|M\ mith a iM>wcr of aU)ut twenty dinmeters, the following parte 
are MitiHfiirtortly nindc out : . . . 2(1, a layer of pigmout coIIm for the 
most |Mirt of ti liexnpmal form, and which wore most abundant about 
the mitorior |mrt nf tlio vyo ; 3d, lMMi(*ath the pi^nont a single layer 
uf colorlrm c«*llii, \f%ryiyr tlinn a pigment cell, and em*h cell liaving a 
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distinct nucleus ; 4th, just in front of the globe a lenticular-shaped, 
transparent body, which consisted of an external membrane containing 
numerous cells with nuclei." The pigment layer he regards as repre- 
senting the choroid, and the layer of colorless cells within — and it 
should be particularly noticed that it is according to both his descrip- 
tion and figures a single layer — as representing the retina. It is 
yery desirable, indeed, that these eyes should be studied anew with 
modem methods of preservation and by means of sections; for, if 
Wyman's account of the structure proves to be correct, we have here a 
most interesting deviation from the three forms best known and already 
compared. It may be supposed that his statement concerning the 
cellular condition of the lens is correct ; for this involves merely the ob- 
servation that a given structure is composed of cells, while his state- 
ment concerning the retina involves an observation as to how the cells 
in a given cellular structure are disposed, — two quite different matters, 
as every histologist knows* In this particular the lens of Amblyopsis 
corresponds, then, to that of Talpa ; but in the latter animal the retina 
is fairly well differentiated, and even in Proteus, where the lens is 
wholly wanting in the adult, the retina is differentiated to a consider- 
able extent. If Wyman is correct in supposing that the retina in Am- 
blyopsis is represented by a single layer of cells, then we have a 
condition corresponding more nearly to that found in Myxine than in 
any other known vertebrate, although even here the retina proper is 
far from being a single cell layer, but the eye of this latter form has no 
trace of a lens. 

Cope ('64, p. 232) remarks with regard to the blind Silurid, Groniaa 
nigrilabris, that in no case has he found anything representing the lens. 
Whether a considerable number of specimens were examined with refer- 
ence to this point, the author does not state ; but from the general char- 
acter of the fish and its eyes, as described, it appears to me quite probable 
that, as Packard suggests, further examination will lead to the discovery 
that the lens is not entirely absent. 

I cannot refrain from saying at this point a few words on the ques- 
tion which, in reality, induced me to undertake the study of the eye of 
Typhlogobius, viz. the question of the actual degeneration of function- 
less organs. There is a belief prevalent among 7X)<)1ogi8ts, though to 
just what extent I am unable to say, that, if a structure undergoes de- 
generation in ontogeny it does so in the reverse order of its phylogeny. 
It would appear that a degenerating vertebrate eye with its great com- 
plexity of organization, this complexity having been taken on by degrees 
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through a long course of o volution, would furnish an ezoellent test of 
this belief. The eye here studied throws very little light on the question, 
however, — scarcely as much as does that of other known functionle« 
eyes. But when we cousider together the facts presented by the eyes of 
Myxiue, Typhlogobius, Proteus, and Talpa, aud possibly also Ambly- 
opsis and Grouias, this much seems quite certain : that the lens disap- 
pears before the retina ; and that, where degeneration takes place at all 
in ontogeny, the lens is affected first and most profoundly, as seen in 
Proteus, and probably also exceptionally in Typhlogobius. Supposing 
the somewhat doubtful instance of a degenerating retina presented by 
the eye shown in Figure 19 to be genuine, we still have reason U) be- 
lieve that its degeneration has been preceded by that of the lens, since 
the latter body is undoubtedly almcnt in this sfiecimen. There can 
scarcely be a doubt, from physiological reasons, that the retina is connid- 
erably older, phylogenetically, than the lens, even though it can hardly 
be said to be so ontogenetically. 

Tub Inteoumektart Sensk Organs. 

At present I treat this subject no further than pertains to the question 
wliether the loss of sight in Typhlogobius has l>een compensated by 
an uniuual development of the sense of touch, leaving the consideration 
of any morphological significance that the sense papilla) may have with 
the ho|)e that they may be studied developmentally at some future 
time. 

From the testimony of numerous writers, there is no doubt that 
compensations for surh loss by the su{)er-deveIopment of the other spe- 
cial sensofi, hearing, Hmell, and touch, are common among animals 
both invvrtobrate and vertebrate. For a discussion of this subject see 
iVuikanl CHfi, pji. 12.V13()). 

My conchision with reference to the tactile seuHO in Typhlogobius 
is, thst in all [irobnbility it not only has not increniuHl, but has actu- 
ally diminishiHl /xiri p<i$mh with the diminution of the |)uwcr of si^ht. 
Tlie rcaaouH for this conclusion are that several — at least four — 
genora of tlie <i<ibiidii* clost*ly related to Ty(»hlogobius are as well 
provided with tactile papilla) as is the blind fish, thi»se organs being 
connidcrably more numerous and more widely distributed on different 
parts of tlie IhmIv in the other fishes than in Typhlogobius, The 
geurm to wliicli I n»fer arv Ciobiiis, itobiodon, l^pidogobius, and I'levc- 
landio. The last two 1 have examined myself. The arrangement aod 
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distribution of the papillse of Typhlogobius are shown, except for a few 
scattering ones to be spoken of shortly, in Plate I. Figure 3, pap. 

There are two series near the edge of each side of the lower jaw, 
running parallel with it. The series of one side do not quite uuite, 
anteriorly, with those of the opposite side, the interval between their 
ends being occupied by a slight prominence in the epidermis. Posteriorly 
the series extend beyond the angle of the month and turn upward some- 
what to terminate about on a level with the mouth opening ; the rows 
nearer the median line, however, extending slightly farther than the 
ones nearer the edges of the jaws (Fig. 3). The papillsB of the inner 
series are considerably larger than those of the outer series, there 
being about six of the former to thirteen of the latter. The larger 
ones are on the average about 0.08 mm. in diameter, though the size 
varies considerably. The papillse of the outer series are situated on a 
quite prominent ridge, while the inner ones are, on the contrary, in a 
shallow furrow. These ridges and furrows are, however, apparently 
a part of the longitudinal foldings in the integimient that are charac- 
teristic of this region of the head, rather than structures expressly for 
the accommodation of the sense buds. Another series of papillss is 
found on each side of the head above the mouth, and having very 
nearly the same direction as those below, though inclining toward 
the latter somewhat in their course backward. These extend anteri- 
orly to near the tips of the fleshy knobs shown at f. Figure 1. The 
papillsB above the mouth are of about the same size as the smaller ones 
on the lower jaw. Still another series is found on each side of the 
head on the operculum, extending however at a right angle, or nearly 
so, to the series already described (Fig. 3). These are also of the 
smaller variety. The number in both this and the upper-jaw series is 
more variable that in the lower-jaw series, though the transverse series 
never extend far on to the top of the head. 

In Lepidogobius and Clevelandia both lowerjaw series are present, 
and have precisely the same arrangement and form as in Typhlogobius ; 
and in addition papillae are numerously present on various parts of 
the head and body where they do not occur in Typhlogobius. Thus 
' on the head of Lepidogobius there are at least several hundred in addi- 
tion to the ones on the lower jaw. On each side of the head, beginning 
at a point a little above the mouth and somewhat nearer its angle 
than the end of the snout, four rows take their origin and diverge 
irregularly. The row nearest the mouth bends downward somewhat as, 
in its backward course, it reaches the angle of the mouth, and it extends, 
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as do all the rowSy ooniiderahly farther back of the angle of the mouth 
than it does iu front of that point The uppermost row of the four 
ruus upward to near the posterior and lower quadrant of the eye, where 

it takes a trend more directly 
backward, and extends for 
a considerable distance back 
along the dorsal limit of the 
operculum. The other two 
rows are situated considerably 
nearer the lower than the up- 

H«Mi of Upidosobiiw, ihowing Um dtotrtbnUan of P^^^ ^^9 '^^^ &re nearer each 
Um uetii* PApiiia. XII- other than either is to the 

uppermost or the lowermost row. They also run very nearly {larallol 
with each other. The lower one of these two middle rows contains the 
fewest and largest papillae of the head, those of thu inner mandibular 
series excepted. There are about twenty-live papilln in the lower 
row, nineteen in the next, thirty-five in the third, and fourteen iu 
the fourth. 

Many of the papilla of this species are distinctly excavated on their 
summits, and in such a way as to show such an arrangement as b de- 
scribed by Solger ('80, p. 375) to exist in the lower jaw of Gobi us 
minutus. The excavations are in the form of gn)oves, or creases, which 
extend entirely across the summit of each ))apilla, each groove lieing 
somewlmt broader in its middle than at the ends. In some of the rows 
these grooves are directed Icngthwiiie of the row, while in others they 
have a din^ction cnisswise of it There is some variation in the 
direction of the gnrnvvs in the papillio of the same row, and consider- 
ably more in some rows than in others ; but the conntaucy in some of 
them is noticeable. In the larger papillio the grooven are much more 
pnmouncod than in the smaller ones, in many of these latter the exca- 
vation iHMng a pit rather than a gnmve. In the lower jaw scricii of this 
sprcien, the gnmves of the inner r«>ws extend cnmswiiie to the axis of 
the head, and thosn of the outer row Icnuthwim*, thus corres|K>uding to 
the condition found by Solger in (lobius minutus. 

In addition to the four iieries thus desoriUHl, there are numliers of 
papilla* fu*fitti*nHl on other |)ortionH of the liond, particularly aU>ut the 
tip of till* mioiit and on the o|H*rcular ap|mmtus ; in these regions 
they an* |inrti<Miliirly nunu^nius on the sMU>|ierctilun). AIho on each side 
of the IhmIv, lio^ihuni;; Mnnio<lintely Iwhind the |>ectora1 fiuK, there are 
aU)ut thirteen trans veme w.*ries, containing from five to ten (lapillir 
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each ; and still lower down are from five to seven additional transverse 
series, extending well down on the ventral surface of the body. It is 
possible that these lateral series are derived from a segmentally arranged 
type ; but if to they have certainly deviated greatly from the typical 
arrangement, as they also vary both in the number of series and in the 
number of papillae in each series. The papillae here are considerably 
smaller, on the whole, than those of the head. There are, finally, a 
number of papillae scattered around the bases of the fins, both pectoral 
and pelvic. 

In Clevelandia there are about twenty-five transverse series on the 
sides of the body very uniformly segmentally arranged, beiug situated 
on the inter-myotomic septa. The series contain an average of about 
five papillae each, though the number varies considerably. I have 
worked out the precise arrangement of the series on the septa, — for 
not quite all the septa have papillee, — and of the number of papillae 
to each series in a considerable number of specimens, as it has appeared 
to me that this may have considerable morphological significance. It is 
not necessary for my present purpose, however, to give the results in 
detail. It is worthy of mention that the transverse series on the body 
of Clevelandia are situated in shallow ditches, the anterior wall of these 
being deeper and more abrupt than the posterior. In no case have I 
been able to find the papillae situated in canals, or in grooves that 
approach canals, as is so common in fishes, and is said to be the case in 
Gobius niger, by Merkel (*80, p. 28). All writers agree, however, that in 
the genus Gobius by far the greater portion of the papillae are free on the 
surface of the body (F. K Schultze, 76 ; Merkel, '80 ; Solger, '80). We 
know from the last two of these authors that both the genera Gobius and 
Gobiodon have free transverse series of papillae on the sides of the body. 
With reference to this subject, Solger ('80, p. 378) says : "Bei Gobius 
konnte ich * Querreihen von 3-7 Organen ' oonstatiren ; auf Beziehnng 
der Organreihen zur Metamerie des Leibes achtete ich damals leider noch 
nicht. Auch Gobiodon hat am Rumpfe freie Seitenorgane, die in Quer- 
reihen auf Coriumpapillen stehen und hochst wahrscheinlich durchweg 
segmental angeordnet sind." And Merkel ('80) shows three of these 
series in his Figure 4, Taf. IV. 

It being, then, evident that so many of the near relatives of Typhlo- 
gobius are provided with sense papillae on the sides of the body, the 
question at once arises whether any are found in the corresponding 
region on the blind fish. Very naturally it was to the smallest speci- 
mens in my possession that I turned to beg^n the search for them. On 
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etoh of the two indmdaals 19 mm. long, papills were found oo the 
sides of the body, and on one of them a few on the head, betides in the 
regions where they occur regularly In one of these the pspiihe on 
the right side of the body were distributed in what I regard as repre- 
sentatives of nine of the transverse series described in Clevelandia. 
The first and second series behind the pectorals were represented by one 
papilla each ; the third and fourth, by three papilla each ; the fifth, 
sixth, and seventh, by two each ; and the eighth and ninth, by one each. 
The series wore evidently segroentally arranged, though not all were 
on consecutive segments ; thus between the third and fourth series were 
two myotomio plates ; between the fourth and fifth, four plates ; between 
the tifth and sixth, two plates; between the sixth and seventh, one 
plate ; and l)etween the eighth and ninth, two plates. 

Figure 25, Plate IV., shows the arrangement of a group of papilla 
on the right side of the head of this same individual. As seen by the 
figure, seven of these papillie were much larger than the remaining 
ones, and were situated on quite prominent ridges of the skin. 

Although the papill» have been diligently searched for on the sides 
of the body of other specimens, they have been found on the two 
small ones only. The question at once arises, Are the papill» absent 
from the larger ones because they have tiegcnerated and completely 
disappeared during the life of the individual 1 All the evidence I 
have on this point is contained in the facts presented. That the 
papilln have Iteen found only on the two small specimens examined, 
antl that they have not been found on any of the numerous laige onesi 
certainly suggests vory strongly an affirmative answer to the question. 
It must be said, however, that a considerable percentage of my larger 
specimens are not so well preserved but that the papilla* may possibly 
have lM*en present in them and escaped detection. But some of them 
are well prcwrvcd, and were the papilla} present they would, I am sure, 
have l)cen found. 

That the sense fiapilla* are less numerous on Typhlogohius tlian on 
several, at li»nst, of its near allies, is evident. The qiit*fttion may ik>w 
lie aske<l. Is it not |MMiHil>le that, although there has Ijeen no compensa- 
tion for the lorn of Ki^ht by an increase in nuntber of the tactile papillie, 
surh a coni|NMiiuition Ims l»een brought alK>iit by a hi^rher development 
of the inilividiml papilla* tliemnelvesl So fur as stnictuml evidence 
is c«uicenitHl, this in certainly far fn>m prolmble. Fi};urt*s 23 and 24 
(Plate IV.) nhow sections of two |)A|>iIla* of the inner mandibular series 
of Typhlogobius ; and for the purpose of comparison a secticm of a 
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papilla from tho same region in Lepidogobiiis is given in Figure 26. 
Between Figures 24 and 26 there is considerably less difference than 
may often be seen between sections of different papills of the same 
animal. Thus the sense cells proper (cl, ms.), which are very regular in 
their arrangement in Figure 26, are quite irregular in Figure 24 ; but 
Figure 23 agrees much more closely in this particular with Figure 26 
than with Figure 24. Indeed, the difference is due to the position and 
direction of the section, both arrangements being found on sections of 
one and the same papilla at times. The cuticular spikes, so distinctly 
seen on the sense cells in Figure 23, are much less distinct in any of 
the Lepidogobius sections examined ; but they are only exceptionally 
seen with such clearness in sections of the blind fish papilke. It will 
be noticed that a' considerable space (tt,) exists in Figure 26 between the 
sensory cells and the underlying nuclei of the supporting cells, in which 
there are no nuclei ; and that such a space does not appear, at least con- 
spicuously, in either of the figures from Typhlogobius. This, however, 
is not a difference of material significance, since in many sections of 
the papillffi of the blind fish such spaces do exist. In Figure 24, it 
will be observed that a blood-vessel, va. mg, (the leader from which 
has been misplaced in the engraving), penetrates far into the interior 
of the papilla. A similar vessel is present in Figure 26, though it does 
not extend quite so far into the base of the papilla, nor have I in any 
case found it to do so in this species, though it is true I have not 
examined as large a number of sections of Lepidogobius as of the blind 
fish ; but the difference, if distinctive of the two forms, is nevertheless 
insignificant. Neither as regards the mantle cells {d, nU.\ nor the rela- 
tion of the papilla to the epidermis, — i. e. its extending entirely through 
the thickness of it, — nor the way in which the nerve approaches and 
enters the papilla, nor the character of the immediately underlying sub- 
epidermal tissue, is there the slightest characteristic difference to be 
made out between the two species in such papillse as are represented 
in Figures 24 and 26. 

In only one point a difference may possibly exist between them, 
though I have not yet been able fully to satisfy myself of this. By 
Figure 23 it will be seen that the papilla is wholly and deeply buried in 
the epidermis, only a small pore {po,) communicating with the outer 
world. The apparent bridge across the pore near the papilla is prob- 
ably a point of contact merely, as adjacent sections show. The whole 
appearance is as though the papilla had been withdrawn into the epi- 
dermis ; for not only is the latter much thickened immediately around 
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the papilla, but the inverted hopper-shaped outline which the inner tar- 
face of the epidemiia ahowa immediately under the papilla in moat caaea 
where the latter reaches out freely to the surface (as in Figures 24 
aud 2G), is here entirely obliterated* Another fact that aeema to fiivor 
the view tliat the papilla has been withdrawn, is the very distinct flask- 
shaped excavation in the summit of the papilla itself, seen in Figure 23 
(/of.), while in the sections represented in the other two figures no such 
excavations are preaent. A natural explanation for this would seem to 
be that, on being drawn in, the middle portion of the papilla with the 
sense celb had been more depressed than the mantel cella. Tliis may he 
the true explanation, but in one instance I have found the excavation in 
the papilla, even though the papilla itself protrudes through the epider- 
mis, even more distinctly than in Figurca 24 and 26 ; yet it should lio 
mentioned that in this exceptional instance the papilla is considerably 
narrower in proportion to its length than those shown in the figures 
just referred to, or than they usually are. I have searched in vain fur 
muscle fibres that could bring aliout such a withdrawal, and have no 
other evidence than that presented tiiat it takes place ; nor have I 
often found the papilln thus buried, and never in I^epidoi^obius. Leydig 
('79, p. 25) has sugf^ted the prolmbility of the contractility of the 
cellular elements of the papilla) as the cause of an apparently similar 
condition in Acerina cemua. 

A word should perhaps be spoken at this point on the poaailiilitj 
of the ItMS of sifrht being compensated by a higher development of the 
organs of hearing or smell. This subject lies outside of the purpose of 
the pretient paper, and I have given only sufierficial attention to it. 
The ears examined in dissected specimens mounto<l in glycerine do not 
ap|iear unusually lan;e. The minute stnicture I Imve not examined ; 
but frtmi this morphological evidence, taken with the fact that all my 
effurti to get from my single living specimen responses to sounds of 
various kinds were unavailing, I am inclined to believe that the sense 
of hearing in not largely develo|MHl. 

My Hections of the snout show the olfactory epithelium to be very 
well di*velo|)C(l, th(»ugh apfiarently not more so than in other bony 
finheii* and certainly nut S4> highly as in some of the long-tailed am- 
pliibiii that I have examine<l. 

Wlint we know aUiiit the ci»m|MM)Matory development of the tactile 
oruann in c»th<'r vertebmtes witli nuliniontary eyes nmy lie summed up 
aa fnlltiwH. It is well known fn>m the writings of Tellkampf, Wyman, 
I^eydi^', Tut nam, Wright, and others, that the tactile |Nipill» are well 
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developed on the head and sides of the body of both Amblyopsis and 
Typhlichthjs. According to Packard ('86, p. 127), Tellkaupf regarded 
these papillse '* as without doubt increasing the tactile sense.** I have 
not seen this paper of Tellkampfs, and do not know whether his mean- 
ing would be that the tactile sense is increased as compared with what 
it was in the same species before it was deprived of sight, or merely 
that it is great as compared with other bony fishes. Leydig also be- 
lieves that the tactile organs perform such a compensatory office ('83; 
see also Wright, '84, p. 272). Packard ('86, pp. 127, 128) gives ex- 
tracts from several letters of Dr. John Sloan that are interesting in 
this connection. Although the writer does not expressly state his belief 
that the sense of touch has been highly developed for the purpose of 
compensating the lack of sight, he still gives very conviuciug evidence 
of its extreme acuteness from personal observation on the fishes in their 
native surroundings. It should also be noticed that he specially tested 
their powers of hearing and the effect of light upon them, and to both 
he says they '' manifested total indifference." Sloan's observations were 
on Amblyopsis. Wyman ('72, p. 19) has described the ear of this spe- 
cies as being ''largely developed " in all its parts, and Cope ('72, p. 410) 
found the sense of hearing ''evidently very acute." As to the ques- 
tion whether the sense papillee in Amblyopsis and Typhlichthys are in 
reality developed as a compensation for the loss of sight, the testimony 
furnished by Chologaster is of the greatest importance. Although this 
genus was discovered and named by L. Agassiz in 1843, its characters 
were best made known by Putnam. He ('72, pp. 22, 23) says : " In the 
genus Chologaster we have all the family characters as well expressed 
as in the blind species, though it differs from Amblyopsis and Typhlich- 
thys by the presence of eyes, and the absence of papillary ridges on 
the head and body, and by the longer intestine and double the number 
of pyloric appendages, as well as by the position of the ovarj." 

In 1881, S. A. Forbes ('82, p. 3) discovered a fish in Southern Illinois 
which he identified as belonging to the genus Chologaster, but repre- 
Bentiug a new species. With reference to the point that we are now 
considering, the author writes : *' The most important and interesting 
peculiarity of this species indicates a more advanced stage of adap- 
tation to a subterranean life than that of its congeners. On all the 
surfaces of the head appear short rows of peculiar tubercles. . . . 
When thus exposed [by being freed from the adjacent epidermis], they 
closely resemble the papilla) of Amblyopsis in form and size, and are 
similarly cupped at the tip." Again (p. 5) he says: ''The extraor* 
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dinary development, in only a part of the geniu, of a qwcial eentory 
apparatus peculiarly useful to a fish unable, for any cause, to see, 
points the same way, [i. e. to the supposition that this genus has a 
shorter subterranean history than Amblyopsis,] and gives evidence of a 
progr€Maing adaptation of these fishes to their unusual abode. The in- 
termediate relation of the sensory tubercles of Chologaster to the much 
smaller ones of young fishes and the permanent papilln of Amblyopsis, 
points out the evident origin of the last through the permanency 
and higher evolution of structures evanescent in the young." This is 
probably the clearest case furnished by vertebrates of the loss of sight 
being reooropeused by a higher development of the tactile sense. 

As regards the tactile papilla in the Cuban blind fish (Luotfuga), Put- 
nam (*72, p. 9), who examined a specimen sent to the Museum of Com- 
parative Zoology by the discoverer of the fish, I^fessor Poey, says : ^ In 
the Cuban blind fish we find ciliary ap|)endages on the head and body 
quite distinctly developed, evidently of the same character as those of 
Amblyopsis, and answering the purpose of tactile organs. . . • There are 
eight of the«e ou the tup of the head, . . . and quite a number arranged 
in three rows on each side of the body, sliowing that the tactile seose 
is well devc]opc<i in these fish.** 

This, so far an I am aware, is all that is known on the subject, and 
can be regarded as furnishing nothing more than a probability thai 
touch papilla* have Iteen hero developed to compensate the fish for sight- 
less eyes. The writer just quoted remarks further, that it is singular 
that the barlwU on the jaws, so commonly found in the Cod family and 
its allies (to the latter of which the l*ubaii fish Iwlongs), are entirely 
wanting. As is well known, Lucifuga is a cave dweller, and consequently 
the conditions which have produced its rudimeutary eyes are more 
similar to those thnt have produced the corresponding change in Am- 
bly(»|Mi8 than to tlioee that have had the same effect on Typhlogubius. 
And this fact may strengthen the prol)ability above referred to; for, 
fmm the diffprouce in conditions of life, Amblyo|isis and Lucifuga are in 
all [>mbAbility much more active than Ty(>hlogobiuK, and this would 
make the tactile mmiso more useful to the first two species than to the 
last one. 

We will now notice the condition of the blind deep-sea fishes with 
rpferi'iiC4« to the tmich |Mipillfe. The three forms dt*HcrilN.*d by CiUn- 
ther ('HO), TypliloniiH nasus, Aphyonus gelntinosus (p. 548), and 
Ipnofm murmyi (p. 58.%), are all without ImHmsIs, and, so far as 
known, other s]iecial tactile structures. The two genera first named 



MUSEUM OF COMPARATIVE ZOOLOGY. 89 

belong to the same family as Lucifuga, and consequently the remarks 
made concerning the absence of barbels in the latter will apply in a 
measure to these genera, and with reference to Lucifuga receives more 
force by the statement of GUnther that they '^ are Brotula organized 
for a subterranean life " (p. 547) ; and in the genus Brotula, which 
has eyeSy the snout is provided with barbels. 

Through the kindness of Mr. C. U. Townsend, naturalist of the 
United States Fish Commission Steamer ''Albatross/' I have been 
able to examine, though somewhat superficially, a specimen of Ipnops, — 
probably the same species as the one above mentioned, — and, so 
far as I could discover, GUnther's statement that it is ''deprived of 
organs of sight and touch" ('87, p. 190) is strictly correct The same 
author makes the following as a general statement on this subject : 
" Special organs of touch are not more generally developed in deep-sea 
fishes than in the littoral fauna. ... As such may be considered . . . 
the more or less detached rays of the pectoral fin of . . ., and especially 
of Bathypterois, which possesses but rudimentary eyes." ('87, p. xxxi.) 
And in another connection the same author (p. 722) says : " Beyond that 
depth [two hundred fathoms] small-eyed as well as large-eyed fishes 
occur ; tiie former having the want of vision compensated by tentacular 
organs of touch, whilst the latter have no such accessory organs." 

I have not been able to find any direct statements concerning tactile 
papillsB on the several species of blind Silurids of South America men- 
tioned by GUnther (Packard, '86, p. 107), nor have we any knowledge 
that such structures are found on Gronias, the blind representative of 
the same family from Pennsylvania. 

The Integument. 

I was led to a study of the integument by the question having arisen 
as to why the quantity of pigment should have diminished in it, while 
under the same conditions of life it had increased in the eyes. That 
such diminution had taken place in the skin was inferred from the 
generally much lighter appearance of the largest preserved specimens 
as compared with the smallest. In the latter, the whole dorsal portion 
of the body and head is covered with a great number of distinct pig- 
ment cells (Fig. 1), while the large specimens never present anything 
like so conspicuous a pigmentation ; and in the majority of oases they 
appear, on cursory observation, to be almost white. 

Closer examination shows, however, that the pigment is in reality 
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present in large specimens as well as in small ones, in quantity almost, if 
not quite, as great in the one case as in the other ; but that it becomes 
disguised in the former case, and in a manner that will appear presently. 
'Figures 9 and 10, Plate II., are from sections of the integument 
and immediately underlying tissues of the dorsum of the head of two 
individuals, 19 mm. and 72 mm. long respectively. It will be noticed 
that the epidermis does not differ essentially in thickness or structure. 
In Figure 9 it is about 0.028 mm., while in Figure 10 it is slightly 
thinner, though in reality it should be a little thicker, some shrinkage 
having taken place here. With the sub-epidermal connective tissue 
(€on*L tis.)^ however, the case is quite different In Figure 9 its thick- 
ness is 0.056 mm., while in Figure 10 it is about 0.025 mm., over 
the pigment ; and it will be seen that in both the pigment (jng.) is 
situated in the deepest stratum of the connective tissue, adjacent, or 
very nearly so, to the muscles (m«.). 

Within the sub-epidermal layer, in all the larger specimens, there is 
found a dense and intricate network of blood-vessels and oapiUariee. 
lu general, the vessels of this network appear to run quite uniformly in 
one plaue, situated al)out midway between the epidermis and the pig- 
ment layer. In many places, however, they will be seen, in sections, to 
approach very close to the epidermis, or at least to its basement bmoh 
brane, which in at times quite distinct These vessels are shown in 
Figure 10 {tft. ing,) ; also in Figures 4 and 11 as surface views from 
nitric acid glycerine preparations. Their walls are so thin as to be 
scarcely distinguishable from the surrounding conuecti%'e tissue. In* 
deed, in parts of many sections their presence can be detected only by 
the bl(>(Hl-<M>rpuscles, which are very different in apfiearance from the 
connect ive-tiMtuo cells, owing to their larger size, more elliptical outline, 
distincter nuclei, and slightly yellowish hom(»gcneous non-stainable (in 
hiematoxyline at least) cell protoplasm. The connective* tissue layer 
in which thcito vessels are nituatcd is somewlint different from either 
the layer alH>ve or that l>elow it : its fibres are more closely compacted 
together, it contains more cellular elements, and it takes stain rather 
more readily than do the adjacent layers. I am inclined to believe 
that nmny of these cellular elements are leucocytes. I may here add 
that the Y»l(»«MlvefiKelH Nho^n in Fif^ures 4 and 11 are u<ine of them 
of capill.-trv tineiiewi, sitict* in mine of them are the bliKxl oorpuaclea 
anran;^^! m ii ntn^le row, as is characteristic in capillaries. The cap- 
illarity are nttll smaller, and from the method of preparation and 
delineation are not shown here. 
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It is unquestionably to the presence of this highly developed vascular 
network that the pink color of the living fishes is due ; and it is un- 
doubtedly by this, in part, but mostly by the much thickened sub- 
epithelial connective tissue, that the pigment is disguised iu the 
preserved specimens.^ 

And now as to the reason for this highly vascular condition of the 
skin, which is certainly unusual, as I have convinced myself by exam- 
ining the integument of several other bony fishes, both by sections and 
by the same methods of treatment that were used in preparing the 
specimens shown in Figures 4 and 11. 

I will consider the several explanations that have suggested them- 
selves, in the order in which they have occurred to me. 

When I first saw the living specimens, I supposed their pink color to 
be due to the fact that the pigment had disappeared from the skin on 
account of the constant darkness in which the fishes live ; and that, it 
having thus become somewhat translucent, no scales whatever being 
present, whatever of vascularity there might be in the tissues of the 
body wall became visible through the integument. This explanation 
lost all its force, of course, as soon as it was noticed that the pigment 
is present in large as well as in small specimens, and that the blood- 
vessels are situated between the pigment layer and the epidermis, and 
not under the former. I would not be understood to mean by this that 
the pigment layer is so dense that it would much obscure the vascular- 
layer were it superficial to the latter. 

The next hypothesis that presented itself to me was suggested by the 
fact mentioned by Dr. Eigenmann, that the crustacean with which the 
fishes so constantly live is also of the same pink color. Have we here 
a case of protective resemblance 1 An entirely satisfactory answer to 
this question cannot be given until we know more of the habits of the 
fish in its native conditions of life, and also of the structure and habits 
of the crustacean in company with which it lives. So far, however, as 
our present knowledge enables us to see, there are some quite serious 
obstacles in the way of this supposition. It is probable that the fish 

^ I roaj add, that on examining seTenil large tpeciment preferred in alcohol 
exclusively, I find that the pigment it verj dittinctlj seen on the whole donal 
surface, without removing the skin. At the epidermis in these specimens it 
quite loose as compared with that of fpecimens preferred in picro-nitric, picro- 
sulpliuric. or Peronyi's fluid, I explain the greater distinctnest of the pigment 
by supposing that in the alcoholic tpecimens the sab-epithelial connective tistae 
haa shrunken more by dehydration than It hat in the other methods of fixation, 
and also more than has the epidermis. 
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hM adopted its present mode of life as a means of escape from its ene- 
mies, so that protective coloration could be of no use, and oonseqoentlj 
natural selection would have no power to establish the color. 

It is true that there are recorded a few cases of animals that are 
apparently protectively colored, which at the same time depend upon 
concealment to escape their euemies ; e. g. the caterpillar of the moth 
Mania typica (A. R. Wallace, '89). But these are certainly yery ex- 
ooptional ; and if the law of nntural selection is to be held as applying 
to them at all, we are compelled to assume that either the coloration 
must have been produced in some other way than through it, or that 
neither the color protection nor the concealment is adequate in itself 
to effect the degree of protection necessary for the preservation of the 
species. Ou this supposition, it is possible that natural selection has 
been operative in producing the color ; but Dr. Eigenmann (*90, p. 68) 
tclb us that Typhlogobius '* never leaves its subterranean abode ** ; and 
the extent to which the eyes are reduced affords very strong proof in 
confirmation of this statement. Again, on physiological grounds, it 
would seem that had the color l)een produced for the mere purpose of 
the color alone, it would have been effected by n deposition of ptg> 
ment, and not by such an enormous increoKo in the quantity of blood- 
vessels and blood ; for certainly the fonuer would have been mora 
economical. 

And this brin^rs me to what I lieliove to be the tnie explanattoo of 
the condition. I l>clicve it to l>e for the purpose of cutaneous respira- 
tion. Says Pn»f. N. Zuntz ('82, p. 114): «'Wo aueh immer das Blut 
mit der AtmoHphiin* (Mler niit gashaltigeni Wasser in (ontaet komrot, 
muss, in dcrm^lUMi Woise wio in der Lunge, ein auf Ausgleich etwaiger 
Spannunpiaiitlorun^en hinzicliMitlcr DiffuHionsstroro der (lase auftreten."* 
The condititma for such a diffusion seem to be present here. That 
cutane<»ufl reitpiration takes place as a normal process in many vertebrates, 
Uith terrestrial and a4|UAtic, in generally ailniittcd by physiologists.* For 
the pretient purpone 1 nt^ed only to eoniiider in some detail what is known 
nUiut the process in some (»f the AC|UAtic f(»mis. 

SiNillauzani (\Hi)\ pp. 71, 114) was thv first to show that the fhig by 
means of rt*ii|>i ration thnmgh the skin oontinuos to live for a long time 
in air after tin* cxtiriMitinn of tin* lun^. W. F. h^lwards (*24, pp. 41* 
frJ) i\>iittniitHl SimiIIiiuuuu'h reMuItH, mid acMod the oWrvation that this 

^ For • (lltcuHion of tliit quct tion. sm* the InrffiT wnrkt on ptivtiology, sad par- 
tlcularly Milnr K<l«anU. '.M. pp. 0:Q-(U6, and Hvrnuinn, Itt. pp. U4-U7. 
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animal would continue to live in water as well as in air, particularly in 
flowing water at a low temperature. 

Berg r68) investigated the same subject, and, while confirming the 
results of his predecessors so far as the fact of cutaneous respiration is 
concerned, concluded that the quantity of carbonic acid gas exhaled is 
less than that found by Regnault and Reiset. Less attention appears to 
have been given ti) the subject of cutaneous respiration in fishes than to 
the same process in amphibians and mammals ; though Spallanzani, and 
later Humboldt and Proven9al ('11, p. 86), found it to occur in these 
animals to a slight extent. 

Quiucaud ('73, p. 1143) found that an eel of 530 grams' weight ab- 
sorbs 0.58 c.c. of oxygen iu an hour through the skin. 

With this attempted explanation of the color of Typhlogobius the 
question at once arises. Is this color peculiar to this fish, or is it com- 
mon to all others tliat live habitually excluded from the light as this one 
does) If all the other blind fishes have the same color, and from the 
same cause, viz. from the vascularity of the integument, then we should 
have to suppose the same explanation to apply to all ; and this would 
diminish its probability, though of course it would not necessarily 
wholly invalidate it. In speaking of the color of blind fishes, Professor 
Putnam ('72, p. 8) gives a list of seven partially or wholly sightless gen^ 
era of the family Siluridee, found in various parts of South America, 
Africa, and Asia. Of their color he says : " All the other members of 
this family [Siluridee] having rudimentary or covered eyes are also dark 
colored ; while the blind fish of the Mammoth Cave and of the caves 
of Cuba are nearly colorless." Concerning the color of Gronias nigri- 
labris, already mentioned in other connections, Cope ('64, p. 232) says : 
'* The color of the upper surfaces, tail, fins, barbels, and under jaw is 
black ; sides varied with dirty yellow, abdomen and thorax yellowish 
white." And this author remarks in the same connection that the 
** dark pigment of the skin of this animal comes off upon the hands in 
handling it." 

Concerning the color of the several species of the three blind, or nearly 
blind, groups of the Gobiidae other than Typhlogobius, I gather the fol- 
lowing from Gttnther ('61, pp. 133-138). 

In the characterization of the group Amblyopina the eyes are spoken 
of as '* very small, and more or less hidden." No mention is made in 
this connection of the color, though the name Amblyopus roseus (Cuv. 
and Val., XII. 164), as applied to the whole genus Amblyopus, is given 
in a foot-note. Of the eight species enumerated one is said to have " eyes 
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iiiconspicuoos," color ''greenish olive (in spirits) " ; the color of another 
is " greenish," no mention of the eye ; another is " rose-colored,** no men- 
tion of the eye, nor statement as to whether this is the color in life or in 
spirits ; a fourth is '* brownish with darker spots, . . . eye small and tudia> 
tiiict " ; another, *' eyes invisible," no mention of color. Of the remaining 
three, no mention is made of either the eyes or the color, but for the 
name in one species rubieundns is given as a synonym. Of the genus 
Trypauchen two species are described, one of which is characterised aa 
'' reddinh (during life), brownish (in spirits)," the other as '' uniform roae> 
colored." No mention is here made of the condition of the eyes, and I 
know them to be rudimentary only by the list of blind fishes given by 
the same author (Packard, '86, p. 107). 

In the characterization of the genus Trypauchenichthys the eyes are 
said to be '^ very small, scarcely visible," and the only species described 
is "rose-colored (Bl.)." Nothing is given to indicate that these fishes 
live particularly excluded from the light The genus Amblyopus is said 
to be ''confined to the coasts, estuaries, and fresh waters of the East 
Indies, extending northward to China and Japan ; one species from the 
west coast of South America." The genus Trypauchen is from the " East 
Indian Sens" and the 'Afresh waters of Bonieo," and Trypauchenich- 
thys is from " rivers of Borneo." 

We are not informed whether the several shades of red here 
tioned are due to pigmentation ; but from the facts that there 
several shades, that in some of the species the color seems to persist in 
the alcohc»lic specimens, and that the fishes come in a category many of 
which — particularly of the related genus Eleotris, with eyes normally 
devolope<l, inhabiting much the same regions — are of similar shades of 
color, it appears probable that such is the case. 

Perhaps the must interest attaches to the color of the Mammoth Oive 
blind fishes and those of the caves of Cuba ; for these are without any 
qucntion completely deprive<l of the influence of light Cupe ('72, p. 4 10) 
Sficnks of AmblyofMiis spela^us as swimming '* in full sight like white 
aipiatic (chosts " ; in his original description of Typhltchthys subter- 
ranouK, (fimrd ('59, p. G3) gives its color as a '* uniform dull yellowish 
white tint " ; and both thcHe Hftectes as well as the Lucifuga are referred 
to by Putnam ns Iwtiig ** nearly colorleiiA," as already mentioned. Also 
Jonlan ami (Silltort ('82) dcHoritw )K>th AmblyofisiR and Typhlichthys 
as " L-«»lorleiiH." and in the siirac wny (iUnthor ('80, p. 618), who 
ganU the two as lK*longing to the same gennii, speaks of the body 
colorl 
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I have dwelt thus at length on this question of color in other blind 
fishes because Eigenmann ('90, p. 68) has said with reference to the 
color of Tjphlogobius that '* in its pink color and general appearance 
this fish much resembles the blind fishes inhabiting the caves of South- 
em Indiana." I suppose this to refer to Ambljopsis, as there is not to 
my knowledge any other blind fish known from the caves of this region. 
Whether Eigenmann's statement about the color of the Indiana fishes 
is to be taken as opposed to those quoted from other writers or not, the 
most significant fact for our purpose is that there is certainly no such 
degree of vascularity in the integument of Amblyopsis as is found in 
Typhlogobius. I have had opportunity to examine a well preserved alco- 
holic specimen of this species, obtained by Professor Mark from Professor 
Putnam. I prepared fragments of the skin in the same way that had been 
employed in studying that of Typhlogobius, and found the blood-vessels 
here to be even less abundant than in the integument of the Clevelandia 
and Lepidogobius that I have examined. 

The most serious objection, I think, to the supposed respiratory func- 
tion of the skin lies in the thickness and density of the epidermis, and 
the fact that the entire surface is thickly beset with the slime-secreting 
cells (see Figs. 9, 10, and 17). I do not believe, however, that the 
epidermis here would ofier greater resistance to the interchange of gases 
than would that of the frog ; certainly, as regards the integumentary 
glands and thefr products, the frog's skin can hardly be more favorably 
constructed for a respiratory function than that of the blind fish. When 
we remember the dense cuticular layer that covers the entire surface of 
such animals as the earth-woim, where all the respiration must be carried 
on through the body wall, this obstacle does not seem so great More- 
over, in Cobitis fossils, where intestinal respiration is well known to take 
place to a considerable extent, although it was long supposed that no epi- 
thelium was present in the region of the intestine, — in which from the 
richneHS of the blood-vessels the respiration is supposed to be carried 
on, — Ix>rent has shown not only that there is an epithelium present, but 
that it consists of two layers, a superficial layer of flat polyhedral colls, 
and beneath this a layer of stratified cylindrical epithelial cells, among 
which are scattered l)eaker cells (Wiedersheim, '86, p. 572). 

Of course the ultimate test of my theory must be made by physio- 
logical experimentation, and I hope to be able to do this before long. I 
oanuot suppose gill respiration to be to any great extent supplanted by 
integumentary respiration, since the gills appear to be normally devel- 
oped. It is necessary, then, to suppose that the latter method supple- 
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ments the former ; and this maj have become Deceeaaiy from the peculiar 
mode of life of the aiiimab. It is quite certain that the water of the 
small holes under stones, in which they live, would contain less aerating 
oxygen than would that of the open sea ; and consequently a greater 
absorbing surface would be essential in order to effect a normal aeration 
of the blood. 

Summary. 

The facta observed and the conclusions reached may bo summed up 
as follows. 

Tke Eye$. 

1. In the smallest examples studied the eyes, though very small, are 
distinctly visible even in preserved specimens, — so distinctly that the 
lens is plainly seen. In the largest examples, on the other hand, they 
are so deeply buried in the tissue as to appear even in the living animah 
as mere black sfiecks, while in preserved ones they are in many oaaea 
wholly invisible. 

2. Neither in small nor in largo sppcimcns does the epidermis over the 
eye differ in thickness or structure from that of adjacent regions. In 
the large individuals the much greater thickness of the tissue here is 
brought alxMit by an increase in the sulvepidennal connective tissue, the 
growth of which can \yc seen taking place in the embryonal connective- 
tissue cells that are found here. 

3. As is the cnne with rudimentary organs gencmlly, the eye is subject 
to great individual variation in size, form, and degree of differentiation. 

4. Tlie only parts of the normal toleostean eye no tnici*s of which have 
lH»en fountl are the argentca, thu lamina suprachoroidea, the prooeasus 
falciformis, the cones of the retina, the vitreous body proper, the lens 
capiiul«\ and in one specimen the lens itself. 

A. In tlio parts preticnt the rudimentary condition of the organ is seen 
in the ycry iiliuht development of the choroid, no cellular elements lieing 
Iiremnit in this exeeptinu in the chorifHCiipillaris, and here to a quite 
limited extent, the rest of that layer lN*ing coni|K>iM»<l excluHively of pig- 
ment ; in the fnrt that the choroid gland is conifiosotl entirely of pig- 
ment ; in the fart that the iris, though of fully the nonnal thickmws 
is aliiioht entirely of pigment, there iK'in^ on its outer surfac*' in mime 
s|)ecin)enH a muhH nniouiit of cellular nmteriiil. which probsbly represents 
the liiriimentuni annulfin* : in thogn*iit pn»|M)rtinnfil thickn(*iuiof the pig> 
mcnt layer of the rutnia and the entire absence in it of anything except* 
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ing pigment ; in the incomplete differentiation of the layers of the retina, 
there being in some individuals scarcely more than a trace of the external 
reticular layer separating the two nuclear layers, and there being in no 
specimen studied a retina sufficiently developed to enable one to homol- 
ogize with certainty the layers marked out ; in the minute size of the 
optic nerve, and the fact that it is ensheathed in a thick layer of pig- 
ment for nearly its entire course through the retina ; and, finally, in the 
small size of the motores oculi. 

6. The surest evidences of actual degeneration are found, first, in the 
greatly augmented quantity of pigment in all the portions that are at all 
pigmented in the normal eye ; and, secondly, in the presence of pigment 
in regions where none is found in the normal eye, as in the hyaloid 
membrane (Plate II. Fig. 12, pig,"). 

No undoubted instances of degenaration through the breaking down and 
dissolution of the tissue without the formation of pigment, such as have 
been described particularly by Looss, have been found, though in a single 
specimen (the one in which no lens is present) a process of this nature 
may be taking place. 

7. On comparing the eyes of all blind vertebrates that have been 
most carefully studied, we find that, in the several degrees of incom- 
pleteness of development represented by the different species, all may, 
m a general way, be said to be passing along the same degenerative road. 
There are apparently, however, a few interesting exceptions to this. The 
most marked of these exceptions is found in the entire lack of pigment 
in the eyes of the Myxinidse, whereas in all other rudimentary eyes an 
increase of this substance over what exists in normal eyes is found. 

8. The eyes of blind vertebrates furnish very little evidence on the 
question whether structures in undergoing actual degeneration in on- 
togeny follow the reverse order of their phylogeny. The little that may 
be regarded as bearing on this point is without much doubt of an affirma- 
tive character. This is found in the breaking down and resorption of the 
lens, — habitually in Proteus, and probably occasionally in Typhlogo- 
bius, — possibly in the excess of pigment in the iris and pigment layer 
of the retina, and particularly in its occasional presence in the hyaloid 
membrane of the Typhlogobius eye, while no evidence of actual degen- 
eration in the retina appears in connection with these. The possible case 
of a degenerating retina in Typhlogobius is neglected in this considera- 
tion, since, as pointed out, the lens being absent in the same eye, it ia 
immaterial whether it be considered or not. 

VOL. XXIV. — NO o. 7 
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The Integumentary Sente PapUUr, 

1. These have been coosidoroil only so far as pertains to the question 
whether they liave been developed to compensate the rudimentary con- 
dition of the eyes ; and it is concluded that such is not the case. 

2. The facts timt lead to this conclusion are the presence in scverml 
closely related genera — four at least — of the tactile papill» with tho 
same distribution as those of Typhlogobius, and in addition to this, on 
ports of the body where they are not found at all in Typhlogobius, ex- 
ceptint; in the smallest specimens ; and that the |)apilloD that are present 
in Typhlogobius are not more highly developed than those of correspond- 
ing regions in related genera. 

3. In comparing tho several species of blind fishes with a view to de- 
termining under what conditions the tactile sense does become developed 
to compensate the loss of sight, it is concluded that, while the greater 
activity of the cave blind fishes might explain their more highly developed 
tactile papilla), this cannot be affirmed as a general law, since other 
blind fishes (as some at least of the deep-sea Tonns and probably also 
tho blind Silurids) are without tactile |mpillas while we have no rea- 
sf>n to supi>ose them loss active than tho cave fishes. It is necetaary to 
have more knowle<Ige thiin is yet |K>ssesse<l of the mode of life of the 
various blind forms before this question can be fully answered* 

Hke Integument, 

1 . This Htnicture hsA l)een studieil with reference to the pigment oon- 
tainetl in it, ami the pink color of the living fishes. 

2. Very utMirly if not fully as much pigment is present in the largest 
as in tho smalli^st sfioiMmens, the lighter color of tho former being due 
to the oImmmi ration (»f tho pigment by a thickening of the sub-epideniial 
tissue U'twt^iMi the pigment and the epidermis. 

3. The pink <?olur of the living animals is due, in great part at least, 
tf> a higlily abnormal developnient (»f blooil -vessels in the subepidermal 
|M>rttun of tlie intc*gument. 

4. S) far lut it has l>een |H)ssible to determine, this vascularity of the 
skill iM unique in thin finh. 

T). The moHt pmhuble explanation found of this condition is tliat it ia 
for t))«* pnr|K>He ofcutaiieoUH renpinition. 

rMI\>.K*tl1 i»> (*Al.l|-OUIflA. IlKSKKLrr, 

Julv 4. lH«iy 
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EXPLANATION OF PLATES. 



All the figures except 20 and 26 are drawn from TyphlogoUoa califomienais, 

Steind. 



ABBREVIATIONS. 



tr. 



imM. 



bae. Rods of the rtUna. 

bat. da. Knobbed or dab-ehaped 
rode. 

ekr» Choroid. 

ckrM!pl. Chorio-capilUrit. 

d., cL', dr RefractiTe cells of retina 
as thej appear al dif- 
ferent foci. 

tL con'r. Cells in connectiTe tissue. 

d, gm. Ganglion cells. 

c/. yn,* Ganf lion cells showing pro- 



c/. »f. 

tL f Nf . 

c/>. amg, 

cm. 

erf. 

drm, 

ee'drm. 

ex. 

y&r. l/i. 

e/. MMr. 
1. 



i6. /i.a. rr. 



Mantle cells. 

Sense cells. 

ConnectiTe tissue. 

Blood corposcle. 

Cornea. 

Cartilaginous portion of 
sclera. 

Derma. 

Ectoderm. 

Outermost portion of pig- 
ment lajer of retina. 

MiUler's fibres. 

Flask-shaped pit in papilla. 

Tsngential fulcrum cells. 

Pigment nodules, clusters, 
balls, etc. 

Choroid gland. 

Mucus glands. 

Innermost ends of the pro- 
cesses of pigment layer 
of retina fUtetl together. 

Iris. 

Leucocytes In retina. 

Noo-pigmente<l elements of 
the iris. Ugamentuni an- 
nulare. 

Lent. 

Middle portion of the pro- 
ce«M>t ntit fused togetlier. 

Menibrsna llmitans ex- 
frms. 

Muscle. 



W. ba, 

n,opt, 

N. pap. 

ob,€jr, 

or, Ber, 

}»ap, 

pig. 

P^9' 



m 



p*f 



pig. rtn. 

;»• 

pr'c. 

rt. 

ffn. 

se/. 

aet. cl. Mf . 

$pa. 

tpttg-bl. 
Bt. bar. con. 
tt. roH*l. 

ti./br.of4. 
tl. lar. 
tt. »/. er. 
it. mi. I. 
ai til rr. 
flf. rti. ex.* 



ai. ni I. 



a/, rtn* 



n 



pa. any. 



Basal nndei. (See p. 0&) 

Optic neire. 

Nenre to papilla. 

External oblique muscle. 

Oraserrata. 

PapiUa. 

Pigment 

Pigment behind cornea. 

Pigment In place of lens 
(Fig. 7) and (Fig. 12) 
hjaloid membrane (*). 

Pigment surrounding optic 
nerre. 

Pigment of retina. 

Pore In epidermis. 

Processes of the pigmented 
Ujer of tlie retina. 

Rectus muides. 

Retina. 

Sclera. 

Bristles of sense cells. 

Spaces in the connective 
tissue over the fjre. 

Spongioblasts. 

Lajer of rods and oonea. 

Stratum of formed con- 
nective tissue. 

Optic fibre layer. 

Stratum lacunoeum. 

External nuclear layer. 

Internal nuclear l^er. 

External reticular layer. 

Non-nucleated spaces In 
ai, rtn/, the beginning of 
external reticuUr Uyer. 

Neunitpongium (inner mo- 
lecukr layer) ■■ inner re* 
ticular layer (preferable). 

UndiflTerentisted layer of 
retina. 

Non-nucleated tract be- 
tween sense celb and 
mantle cells. 

Blood 
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PLATK I. 

Fig. 1. Vii*w of the duriMil tide of the \tvm*\ of an intlividual VJ mm. Um^. ihow- 

inic tlie (Ibtribution uf tli« pigment ci*lU, tlie fulJt of tliv tkiu. and iliv 

vyf. X IM. 
" 2. Similar view of an individual about 66 mm. long. X 2|. 
** l\. An individual of the tame tiiv wen fWrni tlu* ventnv lateral tide. X '«!. 
** 4. Nitric<ac;id g1)rcerine preparation of integument fnmi tlie di»r«iim ot tho 

liead of ji •|>cvimen 72 mm. long, thowmg the blood vvttelt and the 

pigment cells. ^Surface view, x 60. 
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PLATE II. 

Fig 6. Meridionml Tertical lection of an ejre from ■ tpecimen about GO mm. long. 

X 160. Tilt* fold in tliv pigment la^er of the retina it intlicatcd at *. 

(See teit. p. 03.) 
** 0. Meridional lection of an eye without a lent. Specimen 03 mm. lung. 

X 88. 
** 7. The lection, not quite meridional, l» from the tame eye from which 

Figure it taken, and it given to show the pigment matt (/'«'«/ ") in 

the place of the lent. Cootequently only the pigmented portion of tlie 

•ye it drawn. X 1 15. 
** 8. A dittccted acetic-acid glycerine preparation to thow the eye muivlet 

and optic nerve. X 60. 
** 0. Section of the integument from the donum of tlie head perpendicular 

to the turface, from an individual 10 nmi. long. X 4O0. 
** 10. Section timiUr to the one thown in the preceiling Hgure, but from an indi- 
vidual 1*2 mm. long. X 450. 
** U. l*rvparation tlmllar to the one thown in Figure 4 (PUte I), but from the 

tid«* of the Uidy. X &'!. 
** 12. Section, not quite meridional, fVom an individual 00 mm. long. X 115. 
** 13. Thi* pigmi*nt«'d |M>rtion of the retina and choroitl, from tli«* *am«' «>ye. 

X ^'M. Thf fold in the pigment layer of the retinu it intlicatiMl at *. 

(See li'Xt. p. iVA.) 
" 14- A tmall |M>rtion of tin* pigment layer of the n*tina. and the choroitl filaiid 

with tht* optic nerve |Mit«iiig thrcHigh it. S|M*<*imeii O^t mm. long. 

X »N». 
" lo. A Monll |Mirtion of th«* retina, thowing the optic nerve iianKin}; through it. 

Same eye aa that thown in the pri*ceding figure. > 'Mn). 
" 10 Thr irit and the adjacent partt ; lanic vye aa that thown in Figure Tn 
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PLATK III. 

Fig. 17 Mpri<lionAl TertirAl •cction of the vye of a iip(>cimen 19 mm. Innc. 

X 2<'H). «, voiiiMH'tive-tiMUi* utrantU (tee text, p|>. 07, 5H); /9. rilmry 

proc*«*saet 1 (nw text, pp. r>.S, (M). 
" IH. Sitiall portion of the retina of tlie eye shown in Fifrurot 5 and 10. x <IHI). 
" P.I. A amall portion of a MM'lion of the retina near the ora nerrata from the 

eye havinic no lent. X 7(N). 
** 20. StTtion uf the retina of r/nWum/iVi. 
"21. A umall {Mirtion of the retina of the eye ahown in Figure I'l X XAI. 
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fLATK IV. 



Fig. 22. KmU from the tame eye aa the preceding (Fig. 21) ; n\ b\ outer mem* 
bi*rf ; n'\ b'\ inner members ; <*, imrtion of outer member showing the 
more transparent round spots. X 720. 

23. Section of a tactile papilla from the ineduui lower-jaw series of a specimen 
about OO mm. long. The section is not quite parallel to tlie long aiis 
of the papilla, and tliis accounts for its appearing not to extend fully 
through to the dei'p surface of tlie epidennis. X 720. 

24. Section of another papilla of the same series, same specimen as the pre* 
ceding. X 'idO alMiut. 

Note- — The leader from ra. sn^. has neither the right dinM!tion nor 
sufficient length to reach the blood-vessel in the axis of the papilla. 

2*1 Diagram showing the arrangement and relative size of the papilUe found 
on thc> right siilc of the head of a specimen I'J mm. long. 

20. Section of a fiapilla of the me<liaii lowiT-Jaw teries of ljr^Hd**'V^Hu% 
X 340. 
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PLATE II. 

Fig 6. Meridionml Tertical wction of an ejre from a ■pecimen about GO mm. long. 

X 160. Tilt* fold in the pigment la^vr of the retina ia indicated at *. 

(8m teit. p. 03.) 
** 0. Meridional section of an eye without a lent. Specimen 03 mm. long. 

X 88. 
** 7. The tection, not quite meridional, ia from the tame eye from which 

Figure ia taken, and ia given to ahow tlie pigment matt ifiy") in 

the place of tlie lens. Consequently only the pigmente«l portion of the 

•ye ia drawn. X 1 15. 
** 8. A diitected acetic-acid glycerine preparation to show tlie eye muiclea 

and optic nerve. X 60. 
" 0. Section of the integument from the donum of the head perpendicular 

to the surface, from an individual lU mm. long. X 4'>0. 
** 10. Section •imiUr to the one shown in the prectnling Hgure, but from an indi- 
vidual V2 mm. long. X iW- 
** 11. l^reparatitm similar to the one shown in Figure 4 (Plate I.), but from the 

■ide of the body. X C*il 
** 12. Section, not quite meridional, fVom an individual 60 mm. h)ng. X 115. 
** 13. Th«' pigmmifd |M>rtion of the retina and choniitl, fnmi the ramc eye. 

X *i«M). Th«* fnltl in the ptgntent layer of the retinn is indicated at *. 

(Sr«> text, p 03.) 
** 14. A small |Mirtion nf thr pigment layer of the n*tina. and the choroid frland 

with the optic mTve iiaiiiiig through it. S|MH'inieii (33 mm. hmg. 

X 3(M). 
'* 15. A Mnall iNirlion «if the retina. showing th«* optic nerve paitfiinK throuKh iL 

Same vyv as thai shown in the pr4»ceiling figure. ^ !UN). 
" 1(1 The iria and ll»e adjacent parti; same eye at that •liown in Figure fit. 
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PLATK III. 

KiR. 17. MerMional Terticriil toction of the eye of a aiMM^imen V.i mm. liinir. 

X SKM>. «, coniMH'tiTe-tiMue ntramli (mht text, pp. 57, 6H) . ii. tilmry 

procettet 1 (tee text, pp. 08, (H). 
" 1H. 8miill portion of the retiimof the eye ihown in Fiiruret 5 and 1ft. x t«HII. 
" ill. A imall portion of a MN'tton of tlie rvtinm near the ora •errata fn>m thi* 

eye liavinir no leni. X 70(). 
" SO. S«Tt ion of the retina of r/frr/aN(/iVi. 
" 21. A iniall |M>rtion of tlie retina of tliv eye ihown in Figure Ml, x :(ri4>. 
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Tor. Die Diagnose der Gattung lautet : (18 — ) 20 FUhler ; keine Fuh- 
lerampulleu; Steincanal an, aber nicht in die K5rperwand tretend; 
Bauch etwas abgeflacht; kleine, gleichartige, zahlreiche FUsschen sind 
Uber den ganzen K5rper gleichmilssig vertheilt ; Genital8chl£Luche nur 
in einem (linken) Bilschel ; After ventral oder subventral, ohne Auszeich- 
nung ; Kalkkorper in der Haut und in den FUsschen vorhanden. 

Die Merkmale der neuen Gattung Mesera mit der einen Art : M. 
macdonaldi n. sp. sind die folgenden : 15 FUhler ; keine FUhlerampullen ; 
Steincanal 1 ; Korper uiedergedrUckt mit abgeflaohter Bauchseit^, deren 
Eand ringsum von einer einfachen Heihe feiner FUsschen wie von einem 
Randsaume besetzt ist ; ausserdem unregelmd^ig (1) Uber den ganzen 
Korper vertheilte Fusschen (1 Papillen) ; GenitalschUluche in zwei BU- 
scheln (einem rechten und einem linken) ; After ventral, ohne Auszeich- 
nung ; Haut ohne Kalkk5rper. 

Die Unterfamilie der Sjnallactinae umschliesst demnach Formen, 
welche in dem Mangel der FUhlerampullen, im Yerhalten des Steincanals 
und, wie hier hinzugefUgt werden kann, auch in dem Fehlen eines Wun- 
demetzes von den Aspidochiroten zu den Elasipoden hinUberleiten und 
so die schon vor einiger Zeit von mir ged^usserte Ansicht bestiltigen, dass 
die Elasipoden Abkommlinge von Aspidochiroten sind. 



II. ELASIPODA. 

1) Psychropotinae. Die sechs vorliegenden Arten sind mit Aus* 
nahme einer einzigen, der BenChodytes tanguinolerUa Th^el, s^mmtlich 
neu. Fine gehOrt ebenfalls zur Gattung BenUiodytes : B, incerta. Die 
vier andcren vertheilen sich auf die Gattungen Psychropotes : Ps, raripes 
und Ps, diihiosa und Fuphronides : E, tanneri und E. verrucosa. 

Euphronid^s tanneri n. sp. schliesst sich nahe an die tjpische Art der 
Gattung: E, deprewa Th^el an, unterscheidet sich aber durch die 
grOssere Zahl der RUckenpapillen und durch starkere Bedomung der 
vierarraigen Kalkk5rper. Auffallend ist ihr Reich thum an Ealkkorpem 
in den inneren Organen, namentlich in der Wand der Genitalorgane, 
dcs Darmes und der DarmblutgefHsse. Enphrantdes perrucoM n. sp. 
unterscheidet sich von E, depressa und E. tanneri schon durch die zahl- 
reichen Warzen, mit welchen der RUcken des Rumpfes und Saumes 
Ubersat ist ; dazu kommt eine geringere Abflachung des Kdrpers, eine 
geringere Breite des Saumes, eine andere Zahl der Fuhler und RUcken- 
papillen sowie Form und Grdsse der Kalkk5rper. 

Psychropotes raripes n. sp. ist durch die geriuge Zahl (7 — 8) der freien 
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Gmttong Seoioamas$a hegen mehrere ExempUre and BrochstUcke Tor, 
welche zur AufiitelluDg einer Deuen Art iScoioanasia ^raeilii zwingen, 
deron I>iagiioM die folgende ist : K5rper etwa dreimal so Ung wie breit, 
nach bin ten etwas verjUDgt. Vorderaaum (^ Nackensegel) und Hiuter- 
•auiD durcb einen Seiteuaauro verbunden ; Vordenaum mit vier Zipfelo, 
TOD denen zwei Tonrarta, zwei Mitwarta gericbtet aiiid ; Hiuteraaiim zu 
einem uii|>aaren, nach binteu gericbteten Zipfel verlangert. MuDd 
Tentral und acbrftg nacb binten gi>satellt, aoi Knde eines kurzcn, nacb 
htnten aligeknickten^ Tonlenten Rumpfabacbnittea. (Indacbcibo der 
(101) FUbler rundlicb nitt zablreicbeni winzigen Papillen. FUaacben 
groaa, nur unteu an den Seitentbeilen dea Hintcreatiniea angebracbt^ 
jederaeita in dor Zabl fttuf. Haul aebr zart, etwaa durcbscbeinend ; ibre 
TieranniKeu KalkkOrper zablreicb, aber zart und rait scblanken, nur tebr 
acbwacb bedomten Auaaenfurtaatzeny die fast dop|>clt eo lang aind wie die 
gleicbfalLi uur aebr acbwacb bedomten Amie selbat. 

m. PELAOOTHURIIDAB. 

Unter alien Tora Albatroaa erbeuteten Fornicn iat eine mcrkwUrdi^re 
Art am auffaUigiten und intereaaanteaten, welche vich iu Iku und l^Wua- 
Wtfite ttu nt^hr von alien biaher bekannten Hulothurifn unt4«nM*hvideC, dam 
aie nicht nur ala Vcrtretrr einer neuen Gattung nondern aurh einer neucn 
t^aroihe Itetrarbtet wenlon muia. Si<* fulirt ein pela^itichea I^ifbeu und 
letcbnet sich in lM«ni<'rk«mtwc'rtheiitor Wcioe dutch die AunbiKlung eines 
lieaondoren Sch»imniap|Hinitcii aun, tier in einer am Kandu in langr 
Sirmlili*u auitgfrzogi*n<*n Schfilie beatvbt, wt*lcbe im Tnikreiii d(*a Fuhlc*^ 
kranaiv angeonlnet tat und in seiner Form etwa an die an ihrer lUsis 
durcb eine Schwimmliaut ¥erbund<*ncn Arme ninnchcr Tintcnfmcht* eriii- 
nert. lob licwhrAnke niirh hicr darauf eine kunu* Din^noae tlt*r FAUiilie, 
Gattung umi Art fu geben und daran einige Wurte uU^r dii* Verwandt- 
scbaA drs wun«lfrlMuren Tbit*re« zu knupfi*n, lM*i donsen Anblick man 
suDllrbst an nianrhea Andrn* ebrr aU an eint« Holotburit) d«*nkt. 

Fanulio PelagothuriidAa. FUnsrhen (und Ambuloi^mlimpiUen) 
fehl«*n. Mund und After terminal. KoqM»r drehnind, riuK* um den 
Knhlerkranz lu einer dunnen, an ibn*m Katide zu langni Stmblen 
auagrfcM^'ent'O S*heilie aungebroitet. l>ii* FublcrcanAle entHpringen aun 
den W(>hl«iitfii« keltcn Kadialcautllen und <*ntaondt*n an tier FuIiUtUuii^ 
je einrn («ahnN*b«*inli<'h einer Fuhlframpulln bomol(»p*n) (\iuiil in die 
Srbcilw* ; di«*iM» S h<*i lien i-an Air trrUufm in nnliAnT Hirhtiin^' zur IVri- 
|»bencT dvr S bcilie und treten in je einen Strahl den Scheibenmndea ein 
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nin ihn bis zur Spitze zu durchziehen. L&ngsmuskeln der K5rperwand 
einfach ; RUckziehmuskelD fehlen ; Quermtisculatur in den Radien unter- 
brochen. Weder Kiemenbftume, noch Wimperorgane, noch Cuvier'sche 
Organe sind vorhanden. Grenitalorgane rechts und links vom dorsalen 
Mesenterium. 

Peloffothurxa n. g. 13 — 16 FUhler und ebenso yiele ScbeibencanSUe 
sind vorhandeu. Die Fuhler sind am £nde zweitheilig und ebendort mit 
winzigen Papillen besetzt. Keine Spur eines Ealkringes. Steincanal 
in der Einzahl, dicht vor dem Genitalgang zur Haut aufsteigend und 
direct nach aussen mUndend. Jederseits ein traubenfbnniges Genital- 
organ, das linke oft viel kr£lfbiger entwickelt ab das rechte. Kalkkdrper 
fehlen sowohl der Haut als alien inueren Organen. 

Pelagothurta natatrix n. sp. Haut diinn, weich, etwas duichscheinendy 
violett bis purpum gef^rbt. Rumpf etwa dreimal so lang wie dick, nach 
hinten verjUngt und abgerundet. L&nge des KOrpers einschliesslich der 
Fuhler bis 47 mm. ; Dicke des Rumpfes bis 13 mm. ; Durchmesser 
der Schwimmscheibe bis 35 mm. ; Lange der Scheibenstrahlen bis 
50 mm. 

Im Mangel der Ftlsschen stimmt die neue Famib'e der Pelagothuriiden 
mit den Sjnaptiden und den Molpadiiden tiberein, unterscheidet sich 
aber von diesen durch das Fehlen der Kiemenbftume, von jenen durch 
den Besitz von Radialcan£llen, den Ursprung der FUhlercanftle aus diesen 
Hadialcan£Llen, die Unterbrechung der Quermusculatur der K5rperwand| 
den Mangel der Wimperorgane. Das Fehlen der Kiemenbftume verweist 
die Pelagothuriiden unter den actinopoden Holothurien, zu denen sie 
zweifellos gehOren, in die Nachbarschafb der Elasipoden, von denen sie 
aber wieder durch den Mangel aller Ftlsschen (und Ambulacralpapillen) 
geschieden sind. Ich glaube in ihnen Abk5mmlinge von Elasipoden 
sehen zu mUssen, die sich aus den Yerh^lltnissen der Tiefsee zu Bewoh- 
nem der oberfl£khlichen Meeresschicht heraus- und emporgearbeitet und 
dem pelagischen Leben durch Ausbildung eines Schwimmapparates 
angepasst haben. 

IV DBNDROCHIROTAB. 

Die Dendrochiroten sind durch neuu Arten vertreten, die zu Alnf 
Gattungen gehdren ; darunter befinden sich eine neue Gattung und 
sieben neue Arten. Fine Art Phyllophorus acuUatus n. sp. stammt nicht 
aus der Tiefe, sondem von der Ktlste von Panama. Die tibrigen Arten 
sind Tiefenbewohner aus den Gattungen Piolus (vier Arten), Psolidium 
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(iwei ArUn), Cuewmana (eine Art) und l^)kaercikmna n. g. (eine Art). 
Von den Tier PmUu^Arten itt eine dux iu einem jugendlichexi, nicfat 
■icher bMtimmbftron ExempUre Torbanden. Psolus pauper n. tp. leichnei 
■ieh durch T^^Uigen Mangel Ton Kalkkdrperchen in der Hant der Sohla 
aiu und steht im Dbrigen den Arten squamatus und /abricii nahe. 
PkUus digitatui n.ap. hat obenfalla den Habitua der beiden eben genann- 
ten Arten, unteracheidet eich aber durch die Oeatalt der FUhler, welche 
•infach 6ngeribrmtge, unTeriUtelte Schl&uche daretellen; die Fuhler 
haben demnach hier ihre jugendliche Form dauemd featgehalten — ein 
Fall| den wir bit jetxt uur bei den Molpadiiden-Gattungen EupyrguB 
nnd lioplodaeifla kannten. PmUus diomedeat n. tp. echlioeet aich durch 
die deutliche Auabildung Ton je fUnf interradialen Oral- und Analplatten 
an /v. antarttieu$^ tmberetdatuM und epkippi/er an, von denen er eich aber 
in anderen Merknmlen hinreichend untersoheidet 

Die Widen neuen /Wu/iami-Arten, panawunm und gradle, gelieu 
VeranlaMung die Diagnoee der Gattung PmUidium einer HeTieion in dem 
Sinne ni unterwerfen, date eie nunmehr lautet : ''Zehn Fuhler (die 
beiden Tentralen kleiner alt die Ubrigen) ; roittlorer Abechnitt dea Tri- 
Tioms in einer deutlich umgreniten Sohle abgeflaoht und hier rait gut 
tntwiokeltan, auf die Arobulacren beechrtlnkten FUeaohen beaetxt ; auf der 
bbrigen Korperoberflflche kleinere oder fu Papillen Terkiimmerte Fiiet. 
eben, welche entweder Qberall sentreut ttehen od(*r eich an den K6rper- 
•nden auf die Radien beachrftnken." Von der to gefaasten Gattung 
fitoiidimm unterBrh<*idet eich Tkftlia lodiglich durch die Zahl (15) der 
FtthlpT. Zu Psoiidtmm wird auch die ThMWhe Art P»oims bmtUientu 
gerechnet, eo dais Pmlidium nunmehr vier Arten : darnf)e§ Ludw.^ 
Th^l, fMimawirmsB und gmciU urofaast. Die Psoiidimm'Arimn 
»n Mich ale werd^nde, in liildung iMgrifTene Psoim-Ari^n anaehen. 
Die ForTn«*nrpihe, welche aioh ron CMntwutria (und Tkjtone) begiunend 
dorrh f W/wiinu zu Psoiidmm und Ton hier lu Tkttlia und achlieaalich tu 
P$oims Tprf«»lg«*n Uaat, begnindet die Anaicht, daaa die (Jattuug P$oims 
keine altrrthumliche und umpriinKlicho, aoiidom oine TerhAltnianiAaatg 
junge, TiHlt^icht eine der jungaten unter alien Dendrorhiroten iat. 

Die Cmrwmttna abjftorum T\\M wurde in 64 Kxf^mplaren aua Ti<«fen 
Ton tH)5 — 2232 Faden erbeutet, welche Ichrrn, daaa die Tar. kfalimn 
HhM jugv*tidlichc« tUiri*gen die Tar. fprnndU Th^l alte erwarhaene Thiers 
derM*lbrn Art «lAnitt*)lt. 

AU di« int««rr«miitiCeate aller bit j«*txt auagf*fiindf»nen Ti«'fiieo-I>rndn>- 
chin»t«*n I'm* hciiit <lin nctio (•AtCtintr Sftkaenttkuria niit dor cMrirn Art : 
SfJk, btieHiacmiaia n. ap. Dicaelbe hat eiue la»t kugelruude (teatalt^ und 
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ist mit grofisen Flatten bepanzert, welche je einen kr£lftigen, firei her- 
Yorstehenden Stachel trageiu Die Fiihler haben wie bei Psoitis digiUUus 
die einfach cjlindrische, jugendliche Form bewahil. Von den zehn 
Ftihlem auderer Dendrochiroten sind die beiden ventralen, die bei jenen 
oft aehr viel kleiner sind a]8 die Ubrigen, vollstftndig gesohwunden. Von 
den acht tlbrig gebliebenen sind sechs (vier dorsale und zwei ventrale) 
Terktlmmert, dagegen nur zwei (ein rechter and ein linker) wohl ent- 
wickelt Am Kalkring ist jederseits das ventrale InterradiabtUck mit 
dem seitlichen ventralen Badialsttlck zu einem anscheinend einbeitlichen 
StUcke zusammengedrftugt. Die ungemein kleinen Filsschen sind auf 
die Radien beschrilnkt ; ihre FUsschenoanftle durchbohren die Flatten des 
Haatpanzers. Aus einem Yergleiche mit Cncumaria (^Echinocucumxs) 
iypica (Sars) geht hervor, dass die Sphaerotkuria aus der Echinocucumis- 
Gruppe der Gattung Cncumaria abzuleiten ist. 

V. MOLPADIIDAE. 

In der Sammlung sind sechs Arten vertreten, von denen nicht weniger 
als vier neu sind. Eine Art : califomica n. sp. geh5rt zur Gattung 
Caudiruif drei Arten : violaceum (Stud.), granuUUum n. sp. und inter' 
medium n. sp. geh5ren zur Gattung Trochostotna, zwei Arten : danielsseni 
Th^l und spinosum u. sp. zur gattung Ankyroderma. Die Caudina cali- 
fomica ist durch ihre Kalkk5rper scharf unterschieden von den bisher 
bekannten Caudina- krtem, Trockostoma violaceum (Stud.) und Ankyro- 
derma danielsseni Th^l konnten bis jetzt als rein antarktische Formen 
angesehen werden, w£lhrend sich nnnmehr herausstellt, dass sie in tiefem 
kalten Wasser nordwArts den Aquator tlberschreiten. Dass dieses Vor- 
dringen in tropische Meeresgebiete Hand in Hand geht mit dem Herab- 
steigen in grdssere, kalte Tiefen Iflsst sich besonders bei Trockostoma 
violaceum nachweisen. Die neue Art TVochostoma granulatum ist durch 
ihre KalkkOrper character] siert und entbehrt wenigstens in den vorliegen- 
den Ezemplaren der " weinrothen K5rperchen." Auch die andere neue 
Trochostoma-Axi : intermedium ist durch ihre Ealkkdrper gekennzeichnet, 
welche ihr eine vermittelnde Stellung zwischen den arktischen Arten : 
TV. arcticum, horeaUy thomsonii und dem autarktischen Tr, antarcticum 
anweisen ; an einem Exemplare konnte die innere Organisation genauer 
uutersucht werden. Yon dem bis jetzt nur nach einem einzigen Exem- 
plare aus der Ausbeute des CAa/2fit^^ bekannten Ankyroderma danielsseni 
sind im Ganzen 29 Exemplare vorhanden, welche eine Best&tigung und 
Erg&nzung der Th^el'schen Angaben erm5glichten. In ihrer geographi- 
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■chan VerbreitQDg Uetet dieae anUrktisch-pactfitche Art eiii (f«genitUck 
ta der arktiach-«UantiachaQ A. jffrej^nh ohne indeaaen, wia Th^l Ter- 
muthetc, nur eine Variatiit der letsteren tu aein. Die neua Art Ankyro- 
derwM spimoium untamhaidet aieh tod der Ubrigana nahe Terwaudten 
A, danieUimi Torxugaweiaa durch die KalkkOrptir der Rumpf baut und 
die TariUUtiiiaiDftaBig grdaaara lAuge dea 



VI. 8YNAPTIDAB. 

Nur eine Art S^fmtpia al^9iuola Th^l liegt in liruchatUeken aua 1C72 
nnd 1772 Faden Tiefb Tori welohe in ihren KalkkOrpem nur inaofi«ru 
eine Abweichiing Ton den typiachen Kxemplaren i»?igi*n ala die Anker- 
arme keine Zftliiichen beaitien« Wegen dieaea Untorachicdea gvbcn die 
Torliegenden Bnichatttcke einatweilen zur Auftttellung cinor iMMondervn 
Vahetat: paci/ca Veraulaaaung. Hie geatatten femcr nfthoru Mittheil- 
ungen Uber den anatomiachen Bau dieaer Art, Ton der bia jt*t<t einng 
und allein die KalkkOrper bekannt wamn* 

bu%s, drn 6. A|inl. 18M. 
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No. 5. — Tfu Devdopmmt of the Scales of Lepidostcus. By 

W. S. NlCKEKSON.^ 

The scales of Lepidosteus have been studied by several investigators. 
Their most prominent peculiarity is the possession of a hard, smooth, 
nearly homogeneous outer layer, which in the adult condition lies free 
to the exterior not covered by other tissue. The question of most 
immediate interest concerning the scales is the one in regard to the 
source and nature of this outer layer. The view which has been gen- 
erally held concerning it is that recently maintained by Oscar Hertwig 
('79), who believes that it is a true enamel layer derived from the 
overlying epidermal tissue. 

The more recent studies of Klaatsch C90) seem to contradict this 
conclusion by showing that it has a dermal origin. Closely connected 
with the question concerning this layer, and in part dependent upon 
the answer found for it, is that of the relationship existing between the 
Ganoid scale and the scales of Selachians, Teleosts, and Dipnoi. Addi- 
tional interest is also given to this inquiry by the fact that it has a 
bearing upon the question of the relation of scales to teeth. 

The writers who up to this time have investigated the scales of 
Lepidosteus have, with one exception, had only adult material for study, 
and therefore their conclusions regarding the outer layer were neces- 
sarily drawn chiefly from the physical properties of the finished scale. 
Since in the adult the tissue has disappeared from the outer surface of 
the scales, it is evident that the source of the problematical outer layer 
can be determined only by the study of young fishes in which the scales 
arc in process of formation, and still covered by the tissue which pro- 
duces them. 

Klaatsch ('90) in his study of material from a single young gar-pike 
made some very interesting and important observations, which, if con- 
firmed by subsequent investigations, must overthrow the idea of Hert- 
wig, that the outer layers of the ganoid scale are directly homologous 
with the enamel of the teeth of higher vertebrates. 

^ Contribiitioiit from the Zoological I^aboratory of the Museum of Comparative 
ZoiUogy. under the direction of E. U Mark, No. XXXVI. 

VOL. XXIY. — KG. & 1 
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By tho ftudy of abnndant material from several (ten) difTerent fishes 
of various ages and sizes, I have endeavored to trace the course of 
development with suflicient thoroughness to settle the origin of the layer 
now in dispute, and if |X)ssible to throw some light upon the horoolopon 
of the scales of the ( tanoids. For the most (lart my olworvations lead 
me to conclusions in agreement with those of Klaatsch, although in 
regard to some points I am unable to coincide with his viewa 

For the greater fiart of tho material used I am indebted to Dr. 
Edward L Mark, who very kindly placed at my service his own supply. 
These fishes had been reared by him in atjuaria from eggs collected at 
niack I^e, N. Y., in the Mpring of 1882. They hod l>een killed at inter* 
vals by various tixing reagents, as indicated in the table follow iiig, and 
carefully preserved in alcohol. The histological conditions were very 
faithfully preserved in all except one s|)ecimen. This, the largi^st and 
oldest fish of the lot, had died in the aquarium after attaining an age 
of Hfly-two months and a length of thirty centimeters. When fouinl 
it ctHiUi have lieen dead but a few hours at most, and was at once 
pn*ser\'ed iu alcohol. On studying this fish I found the scales in a 
must interesting stage of development, but unfortunately the epidermis 
hoii hu far degenerutecl that it was im|)OSMible to make out anything 
of tni|K>rtance cunreniing its relation to the scale. I was moreover some- 
what apprvhenHivti lest the confinement in which these fislu*s had been 
n*an*<i, ttip'thor with the handling and other unnatural treatment to 
whirh th(*y hud lK*en sulijeeted. might have n*udered the coiiditiumi of the 
scAlf«i fitiiuti ill this and tho other larger fishes abnonnol to some extent. 

I was uimblt* tti obtain at once healthy material of the pn>|H'r age to 
show the latiT Ntiigi*H of growth, antl to this fact is due a coiisiderable 
delay ill the coiiipU*tioii and publication of the results of my work. The 
tinMiiii; later ntjiges were HiipplitNl by material fn»m two young gar pikea 
whh'h Mr. S. 1*. llartlett of the lUiiKiis State Finh (\miniisHion obtainetl 
and very kindly M>nt me. They were killinl aeo«)rdiiig to my din*i*tion 
hy iMitiierhiiiti in •ttmii^ td(N»hol, a meth«Hl that is very Hjitihfact<>ry for 
fpiilt-rmnl and il«*riiitil ti*titiiifi, und wliieli bus the ii<lviiiitit^e (»ver acid 
kdliii;;*fliiid'« of Iriiviii;; ealrareoiiM Htriietures (piite iitmffi*«'ti*il. For other 
iii:ittriAl wliieh I huvi* NtiKlKsl I uiii iiidehteil to IVitf. F.. A. IhrgL* of the 
l'iii\rr<ttty of Wi44 Miimii, and tlmiti;;h \h\ .Mark tn IVuf. .Iar(»b lU'ighanl 
cf thf riiivti>it\ of MkIiil'^ii. Tlic umterial from Inith of these sou rc4*i« 

m 

)i:|tl Initl klllctl 111 tili'i'hol. 

I" .i!l -f tlit-M* ;^'riitli'mi'ti 1 %l^^U to o\|in'HH my u'nititiide, and 
eiiKx'i^ly to l>r. Mark, not only fur bin liberal supply of matenal 
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which it had cost him much time and labor to obtain, but also for his 
direction and many valuable suggestions. 

Tabulated List op Fishes 8Tlt)ied. 



Length, 
mm. 


Age. 
Montlu. 


KilliDg 

Reagent. 


Condition. 


ReodTedfh)m 


146 


18+ 


Merkel's 
fluid. 


Local aggregations of spongy conneetire 
tissua 


Dr. Mark. 


115 


18 


UgCl, 
(hot). 


Bony scale bc^ning to be Ibnned. 


«( ii 


160 


18+ 


Merkel's 
fluid. 


Spines being formed. 


« u 


160 


19 


90 per cent 
alcohol. 


Few spines. 


<« i« 


175 


24 


Piero-«nl- 

phuric 

add. 


Bdges of scale beginning to orerlap. 


t« II 


190 


85 


2 per cent 
chromic + 
acetic (few 
drops). 


Mature spines all oTsr scales. 


(1 (1 


287 


• 


Alcohol. 


Spines all o?er scale ; no gaaoin layer. 


Prof. Birge. 


aoo 


62 


Died. 90 per 
cent ale. 


Epidermis degenerated ; thin ganoin layer. 


Dr Mark. 


aoo 


f 


AkohoL 


Spines on edges ; thin ganoin layer. 


Mr 8. P Bartlett 


400 


• 


Alcohol. 


Few spines on edges ; thicker ganoin layer 


Prof Reighard. 



The method used has been chiefly the preparation and study of 
series of sections. In all except very young stages it was necessary to 
decalcify the material before it could be sectioned, and even after 
decalcification sections in most cases could not be cut thinner than 
15 fi, and often in the later stages it was necessary to make them 
between 20 and 30 p. thick. For decalcifying I used 90% alcohol to 
which was added a small quantity of 10% hydrochloric acid (in the 
ratio of about 3 to 1). The tissue was usually left in this acid alcohol 
twenty-four hours or more, and then soaked in several changes of fresh 
alcohol to remove all traces of the acid before staining. Sections pre- 
pared by grinding down scales have also been studied, as well as scales 
freed from the soft tissues by treatment with caustic potash. Only by 
the use of the latter reagent was I able to get a satisfactory knowledge 
of the spines which cover the scale in its immature state. 

The stains which have given the best results are Boehmer's alum 
ha'matoxylin and Kleinenberg's hsematoxylin. As a nuclear stain the 
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former in much tho licttor ; tho latter in oiii»cciu11y useful in the 
hludy of tho gliiudii of tlio cpidennis and in bringing cell moiubraues 
into pronunenco. 

Tho young Ix;pido8touH in which I found tho oarlioMt indication of 
the f«irniati(»n of mralcH wan al>out 145 mm. h>ng and u little over 
eighteen niontlm old. Khiatsch has Htatetl that the Hc*aloM ap|)ear u|M>n 
Uiu dorikd Hide of tho bo<ly earlier than u|M)n the ventral, an<l an tlie 
material htudicd wan taken in this 8|)ecinien (an in moHt caMcit) frtiui 
near the ventr.il line, it iH probable that the (x'uleH l>egin t«» form u|Min 
the donuil |N)rtion of the Inxly at a nomewhat earlier age. 

Ik'fore the lK*giuning of the formation of the Hcalen the integument i« 
alxMit 'i'jr> ^ thick. The epidennin in nearly twice ait thick lu tho 
dermiH ami in made up of numerouM layeni of Hpheroidal or cuU»itlal 
celU (Kig. 1). The celU t»f tho doe|»eHt layer are H(»mewhnt elongatM 
in a direi*tton |NT|»iMi«licular t4> the Hurfacis and conHCtpiently have the 
apiwanuice of indtHtnictly columnar epithelium. 

Then* are two kindn of glandular htructureH pn*Hent in the opidemmi. 
ThoNO of one kind have a iipherical, or more often ovf>id or i»blong form, 
with the gn*ater axin |ier|iendieular to tho MuHW'e tif tho ImmIv, ami 
ap|N'ar in ftet^tionH an i(pai*c*fi of eorri*H|)ontling Mha|N'. The long diameter 
hi the larger of thi*Hi» H|»aeeH ih not infrtHpiently (Kig. 1) fmm one half 
to two thinU the thickm^iM of the epithTiniH (75-llN) ft). 

The L'liiiidH are ipnle im*guhirly diHtrihiited, nonio arean lining only 
verv iii<>ii;/n>lv iinaidiHl with them, nhilo in othem thev an'it4» crowil(*«l 
an V* lfM\** little more than thin filmy |HirtitioiiH lK'tw(H*ii them. 
STtiiiUH p:irillfl to the mtifaei* in Htich art*aii pn*m>iit a net-like ap|M*ar- 
aiiri*. thf ciiipty i;l:iiiil o-IU eom*H|M»ndiliu to tin* ineNhcH. To meh 
Hlkirr tli«'rt< Ih-Iiiii;;^ a tlattriic*! iniclcUH, which 1h el«4M*ly applie<l to the 
«:ill iirir itM tU*i*\t end. The wh«i|e iitructur« in tloiihtleMt to In* (n»ii* 
ntdrr« 1 :i4 a Nin;;K* tvll uhicli liaa taken on a MuTetive /unction, — a 
iiiiM-rlliil.'ir ;;l.'kiiil. 

Tli«'M> ;:Iiiii>li)l:ir H|if«i*«'i iwmrtimf^H ap|M*ar empty, but art* nion* ofta-ii 
found jKirtlv tilliNl |iy an indJHtinetly granular colorlrmi HulnilaiK*- 
(i*«>:i^'iili|ii)), pri»t».it.lv pnripitatisi by nviu'»Mit«i from the tluid or »oiiii 
(!<it I - • fftiMii «ti:v-h th« V h*-M tluniiLT \\(v (Pliitt* I. Vij 1. I'lato II 
Y'\j:. !•• . I •!'» n"t !.■ 1 th it thi"*»* dpiurn haw ntiy in«*:iiiH i»f roiiiinuiM 
iMtH'ii w.»li •IH* aii"tli«*r. nnd «»nlv vrrv nin*lv dn I tiiid i'lie hiiviti;; an 

<»|*ii !i.' t- th«' I'lttTi'-r. Kl:iit«tf*h ha.H d«"*<TilHH| tln**«i» its mil i** 

^'Ikii't*. 1 li:i\e ii«f di'iiht that they are concerned in the pniduition of 
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the Blime by which the young ** gars " are thickly covered. They are 
uoty however, the only agents concerned in its production. 

The epidermal glands of the second kind are considerably smaller 
than those already described; they are nearly spherical, and have an 
average diameter of from 18 to 25 /li. They do not appear to have been 
recognized by previous observers. Some of these lie in the deeper 
part of the epidermis, but much the greater number and the larger ones 
occur near the surface, where many of them open. 

They stain deeply with Kleinenberg's and with Delafield's hema- 
toxylin, but in all other stains used, even in other haematoxylin dyes, the 
nuclei alone are colored, and in this condition they can be distinguished 
from small glands of the first kind only by very careful observation. 
This probably accounts for their having been overlooked heretofore. In 
Kleinenberg's haematoxylin the whole gland takes a blue tint, while the 
wall presents a reticulated appearance due to an irregular network of 
lines of a much deeper blue color. This appearance is shown in Figure 
2, a-e. The glands lying in the deeper part of the epidermis (d) take 
less color than those situated just below the surface (c) ; those which 
open at the surfiEU^ vary much in the intensity of their coloring, the 
differences doubtless being due to the varying amounts of mucin con- 
tained in them. The distribution and peculiar staining qualities of 
these glands show that they originate in the deeper part of the epidermis 
and migrate to the surface, where their secretion is discharged. 

Haematoxylin has long been known to stain mucus deeply. Hoyer 
('90) found that basic stains are those which chiefly affect mucin, and 
that hsematoxylin stains which contain alum act like basic stains. Of 
the four haematoxylin dyes which I have used, Kleinenberg's (basic) and 
Delafield's (alum) gave characteristic deep blue stains to these glands; 
Bochmer's (alum) and Ehrlich's (acid), on the other hand, gave pure 
nuclear stains. Hoyer imputed certain failures of hsematoxylin stains 
to act in their normal manner to lack of ** ripeness," and it is possible 
that this may be the reason for Boehmer's alum hsematoxylin not col- 
oring the mucin in this case. 

At all events, I believe that the stains which I have obtained afford 
sufficient ground for declaring that these cells act as glands, and secrete 
the mucin element of the slime by which the young gar-pikes are thickly 
covered. The other and larger glands first described, which take only a 
nuclear stain with Kleinenberg's haBniatoxylin, must be considered to 
have the function of secreting some component of slime other than 
mucin. 
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Tiio distribution of theno muooiin fclaiicls, liko that of tbe kind first 
dcticrilied, in somewhat irregular, autl the two kinds are about equally nu- 
merous ; those of the larger kind are, however, luuch more conspicuous 
by reason of their size. Both kinds of glands are found in the epidermis 
as long as it persists over the surface of the scales. 

Chronmtophores are abundant in the epidermis. They vary greatly in 
size and sha|»e, and are found in all |)arts of the layer. 

The boundary lietween epidermis and dennis is marked by the 
|iresenco of a distinct basement membrane. 

The dermis (Fig. 1), before it has begun to undergo modifications pre- 
fNiratory to the formation of the scales, is only alK)ut half as thick (75 ^) 
as the epidrnnis, and is com|)o8ed of bundles of connective- tissue tibrrs 
which may be divided into three sets according to the directions in 
whicii they run. Two sets are parallel to the surfa(*e and diagonal t«» 
tiie axis of the liuly, the third is |ier|)endicular to the directions of the 
other two. Of the first two sets, the fibres of one have a direction 
backwani and ventrad fNirallel to the direction which the rows tif 
scales will have later. The fibres of the other diagonal set croM 
these in sucli a way as t4» make the dorsal ami ventral included angles 
a few degrees less than right angleii, the anterior and fKisterior includiHl 
angles lieing Gonse4|uontly a little greater tlian right angles. The 
lilires of the thinl set are much less numerous than those of cither 
of the other two, and, as they extend peqiendicularly through the der 
mill, stTve to bind together i\u* different layers. Nuclei are irregu- 
larly di<itribut<sl amniig the fibn*s, as in c»nlinary coniirctive tiHsue. 
KhMid'VfMM'lN an* nuiueroun, and ramify chiefly in the out4*r |Nirt nf the 
layer junt Itenrnth the ImAenient membrane. rhri>miitophores are 
|>n*ni*nt, as in the epiilermin, and an* found nutntly u|M»n the twu 
Hurfiicrn of till* layer, l)eing efi|HH'ialIy numenms at the det*|HT one 
(Kig. 1). I'lMin the outor Murfiu*e they lie at nearly unifonn diNtanctii 
a|i.irt iFi;:. \). lU*Hiilv therti* t*oli>r rellii tlifn* tn aMKH'inted aith tlieni 
ut thr dfv|M*r Hiirfact* of the tlcmuH, )H'twtH*n it and the muN4'ulatun\ 
i|iiil<* a tliK'k but very irn*^ular nlavt of finely granular white pignirnt. 
(*t»iir«*rnMi;; the origin of tlitfi pi;;nifiit I have In'en able to Irani 
nothiiiu'. 

TIh" !»p»t indication of tlit» f«*rni.iti(>n i»f HiMilt»H in a clmtit'r m tin* ontiT 
pnrt '.f tli«' «li'rii)-,'^. TliiTr :i|»|ii*Hr I«h'jiI thirkt'iiiiib:*^ of H|»«nigv tisniif, 
hIoiIi :irr lu'i Ii* Up ••fin. my nii< lt*:it« d r<-IU and a Hmall nniiilN*r nf fibrf*<i 
l\tii.r nil •n,: iIh'iii wirli«*iit dctinitt> arriiii;^*i*rnent. TIm'^m' r«':^i'*nN of 
ni'-Lti'd dcnnm are abundantly huppltrd uith blfMH] vomcIh. At finit 
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these thickenings are quite distinct from one another, being separated 
by tracts of unmodified tissue ; thus each one resembles a very much 
flattened papilla. 

A similar condition found in the early stages of the formation of the 
scales of Teleosts is described by Klaatsch (*90, p. 159) and by Hofer 
('90, p. 111). Both of these authors regard these dermal thickenings 
in Telcosts as homologous with the dermal scale papillae of the Selachians. 
This view receives a certain amount of support from the fact that in 
Selachians, Ganoids, and Teleosts the first indication of the formation of 
scales is the appearance of local elevations of the dermis in the form 
of papilla3. On the other hand, it is difficult to imagine any change 
due to increased local activity of the tissue taking place in the dermis 
without producing modifications resembling to some extent papillee. 
That the scales of all the groups of fishes owe their origin primarily to 
the dermis seems therefore a sufficient explanation of the early appear- 
ance of these papilla-like local modifications of this layer, and not to 
require the assumption of any direct homology between the resulting 
structures. The fact that in Selachians the scale is formed over the 
surface of the papilla, while in Ganoids (Lepidosteus) and in Teleosts it 
arises in the midst of the mass of cells forming the elevation, is a 
fundamental difference not to be overlooked. Furthermore, at a later 
period in the formation of the scales of Lepidosteus there arise dermal 
papilhe just beneath the basement membrane, over the surface of which 
calcareous material is li\id down to form spines. These receive an ecto- 
dermal enamel secretion over their tips, and later pierce the epidermis, 
and thus exactly resemble in all important features the spines of the 
placoid scales of Selachians. The formation of the spines in Lepidos- 
teus has been describe<l already by Klaatsch ('90, p. 130), and will be 
treated of more fully further on in this paper. 

The condition found in Lepidosteus is intermediate between that 
presented by Selachians and that described in Teleosts. The presence 
of the spines enables us to say that the papillee by which they are 
secreted, not the broader, earlier formed dermal thickenings, are the 
homologues of the papillae formed in Selachians. As the early con- 
ditions found in Teleosts so closely resemble those in Lepidosteus, there 
can bo no choice but to interpret these dermal thickenings as homolo- 
irrtus with those of Ijcpidosteus. They cannot therefore be considered 
the homologues of the scale papillae of Selachians, as maintained by 
Klaatsch and Hofer. 

Hofer claims that in the trout the basal layer of cells of the epidermis 
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becomes modified over the scale pspillie to form an enamel membrane, 
though thin never becomes functional and the cells soon lose their 
H|iecialiu.Hl character. Klaatsch studied the same form, and very 
(lositivuly denies tliat any such modification takes place. He says 
(p. 159): '* S{>ecie!l die iMwale Kpitholschicht liusst auch nicht die 
gerini^ste Veninderun^ wahmehmen." In view of this conflict of 
testimony, it seems more probable that the differLMioes in the condition 
cif the basal cells of the epidennis ubser^'od by lli»fer were due to vari- 
ations in differtMit individtuils than to changes normally taking place 
in the same individual. 

At a little later |)eriod these areas of dermal thickening liavc 
eitendc«l laterally until their edges have become confluent, and the 
dermis may then Ih) described as made up of two layers, an outer 
spongy layer and an inner fibrous layer, though no definite line of 
denmn*atiun Hi'itarates the two. This is the earliest stage descrilied by 
Klaatsch. At the time when the formation of the scale l>cgins, the 
spongy layer in its thickest |)arts is alN>ut e<|ual in thickness to the 
doe|>cr fibrous Isyer. The places in which scale fonnation is to take 
place are indicated by a somewhat greater thickness of the npong}* 
layer. 

The M*nle first apiwars (Fig. 3) as a thin nheet of calcareous secn*t<««| 
matter in the midfit of the «>uter layer of the deniiis. It Ih surroundiM 
on all nideH by the denual cellis which lie thickly actnnnuhited around it 
an<l cov«T it on its outer Murfiuv fnini two to four (?ells dei»p, completely 
se|iaratiiii; it fr«»ui the epideniiiH. Around its margin the colls lie cliHioly 
iNickeil, an«l at the |Mi«terior inlgu art* |Mirticularly numerous. To tlu*Ae 
deniial iH*creting celln Klantik'h has given the name **»Sclen>blasten," a 
tenn nhieh I nhall ail(»pt in referring to them. 

The M-ale plate Ih imt <piite |iaraUel with the Hurfart* of the liody ; ita 
|MMten<>r niaruin ts wty uli^litly inclincil outward, and with the iM*len> 
blantii nri'iMMl it f«»nns a low elevation agninut tlie Inuu* of the epideriiiiii 

(KiK. .1). 

Se€T«*t«-d matter is not dep«»«iit«Nl when* bl<MH!-veHM*U from 1h*1ow piem* 
the outer (if M'lf«mbla%tic derninl layer, and eonfMMjuentlY i>|>enin^H thnnitfli 
the immIi* rr<iiilt tit tiirh plto-fii. TIicm* |N*ptiHt to fnrni tlie cannU wliu*h 
pirrri* th«* n)i*I*ll«* art'a of the a>lult mmIo ( llavcn<i«tn i\'inaN of aiithor^) 
Th»' \« '••'•■ U MliH'h tr;iVfp*r iht'Ui ramify ii|Hiti thf imtiT hiirfaer of tlit- 
m'alo to •»'ip|'lv ii'iuriohuiriit to t\\v ovrrlyni;^ H<*K'ri»l»la»t«, N«» ihtftTfrnv 
III ihirnttir i-<>iiM In< •I<>tf'<-t«tl lM*m«M>ii the cellM on tli«* up]KT and thoM' 
on ihv iinlcr nule of the iicale. 
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Almost as soon as the calcareous material of the scale begins to be 
laid down some of the surrounding scleroblasts become enclosed by it 
(Fig. 3). This process goes on hand in hand with the increase in the 
size of the scale, and as a result the scleroblasts are distributed through 
all ])arts of it. That the distribution is a fairly regular one may be 
seen from Figure 15 (Plate II.) and Figure 21 (Plate III.). In a scale 
from which the soft parts have been removed by treatment with caustic 
potash, the cavities occupied by these cells may be very distinctly seen. 
Each one has leading from it a small number of canals (canaliculi) 
which branch and traverse the scale to unite with similar canaliculi 
from the neighboring cavities. Thus the whole scale is traversed by a 
network of tine ramifying tubules connecting the osteoblastic cavities. 
As may be seen in section, however, all the canaliculi from a given 
cavity show a tendency to spread out in a plane parallel to that surface 
of the scale within which it has been buried, so that the cavities in most 
intimate connection are those which lie at the same distance below the 
surface. Thus the material of the scale is divided into more or less 
regular lamella; of calcareous matter alternating with successive layers 
of cell cavities and their connecting canaliculi. These cavities are in 
communication with the exterior by means of canals which penetrate 
the scale and break up at their inner ends into fine tubules to join the 
canaliculi. They penetrate from both the upper and the lower surface, 
though much more abundantly from the lower (Plate II. Fig. 15, and 
Plate III. Fig. 21). At the opening of each of these canals at the 
surfjvce of the scale there is a large cell (Plate I. Figs. 8 and 9, Plate III. 
Fig. 22, Plate IV. Fig. 23), from which a process extends into the lumen. 
These cells were called by Ilertwig " Odontoblasten," and the canals oc- 
cupied by their processes " Dentinrohrchen." I must, however, agree with 
Klaatsch that the names are poorly chosen, for the reasons set forth by 
him. The constant character of dentine, as the term has been used, 
is the absence of enclosed cells, and as the substance penetrated by 
the processes of these cells contains such elements (osteoblasts), it seems 
undesirable to call it dentine or the cells odontoblasts. Hert wig's nomen- 
clature rests on an assumption of homology which has not been proved 
true. However, as these terms have been adopted in the literature, it is 
perhaps inadvisable to introduce new ones at this time. Besides the 
odontoblasts with their processes extending into the dentinal tubules 
which Hcrtwig 'describes and figures ('79, p. 5, Taf III. Fig. 4), he 
mentions the presence of a granular substance partially filling the lumen 
of the canals. Klaatsch asserts that cells are present in the dentinal 
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tubuica (p. 138). I have found by diligent aoarching a few caaei in 
which, as Ktatcd by the latter author, cclb seemed to lie prcaent in the 
lumen of the tulMM. I have, however, obaerved other canes in which a 
flattened cell lay just at the side of the tube, but separated from its 
lumen by a thin layvr of secreted material. I am therefore led by this 
and by the iufrw|uency of the oases to l>elieve that the cells ap|)arentl y 
occupyinj; the tulw have a similar position, but that since they lie in 
radii of the tube |iorpendicular to the plane of the section they have the 
appearance of being in the lumen of the tube. Figure 8 will make this 
clear. At the (»pening of the tube is seen a cell which is apparently 
about to 1m* enclosed between the secretion of the large odontoblast coll 
and the pn*sent wall of the canal. At a little later stage this, if soeii in 
a plane at right angles to the present, would appear to lie in the lumen. 

VmcU of th«*Me tulies is lined by a very thin secretion from the cell 
which extiMitU into it, — u secretion of the same chanu'ter as the material 
of tlie scale. In later stages, after the ganoin layer has )>egim to lie 
formed, this sheath |>eniists evt*n after dei*alcification, when the goiioin is 
entirely di>stroye<l (Plate IV. Fig. 2^). 

The scale inrreaiies lK>th in thickness and in lateral extent bv the 

* 

deposition n( new layers of material secreted by the surroundini; sclun^ 
blasts. Thus the i*dges of adjacent scales come together, and finally 
overlap our another. Owing to the slight elevation of the |KJSterior 
margin of the scale, prcviouMly mentioned, this edge of eoiii scale over- 
Ia|Mi the ntil4'rMir e<l^eH of the a^ljacent |>osterior scalen ; for tli«* Hsine 
rmwin, rnrli ncnU* in in turn ovcrlap|HMl on its anterior eil^e by the {Minte 
rior e«li;«*s of the sriili*N in front of it (Plate IV. Fig. 31). 

Inen'OM* in thirkntws takes place u|H»n Uith the outer and the inner 
Murfa4*i>i<, thoii;;h much fiii»n* rapidly u]N)n the inner one. .\h the m^ale 
thu*krn<i inwnnlly, tibreM whirh lay irregularly dm|MiiMH| lN*ne»th it in 
the ii|i«>njy denniH an* eiieloMed by the s4*«'n*tion. As the caleitiration 
extendi d«*4*|M*r, the felted regularly arrangi*«l bunilles of ronnective tiwttie 
tihn*H *>f the flrefter denni^ an* nlwi en('hH«ed, and help to make up the 
df*«*|M*r pHtt of the N(*nle. The«i«* rihn*H exteiitl nenms fnun one scale t«» 
allot hiT :ind no form a Ntnuit; but flexible c<inn(*«*tiou iN'tween adjaci-nt 
M*iih« I hry rin* fhi- ** .S'lnipfN'nli^Tiniente ** of llertwi^. The ratio of 
oiitmnr*) !•• iiiw ml /r^Mtli i^* Nliitwti by tin* Hrninueineiit nf the liiyem *•( 
tho % il. il'lil. II. F/H |:>. l*'i. uti.l ritite III. Fil: *.M). The oMcM 
ficirt t f til'' •>•- lit' 14 tlitl 111 whirli tin* di'iititiid ttibiilrN froin the o|i|ioMiti* 
^urfii'i--^ fiii»t :iri«i J-ri-.ik »i|i into iiiiiniti* bnificlM'n (I'hit*' III. Fil*. -I) 

In thrir immaturv state, and U-f'^n' the outer layrr Iioa U^^un to U* 
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formed, the scales bear upon their outer surface numerous slender coni- 
cal spines or teeth. These were first described bj Reissner ('59, p. 260). 
They stand up from the surface not quite perpendicularly, but have a 
slight inclination toward the tail (Plate I. Fig. 7, and Plate IV. Figs. 26, 
28). They are transient structures, which frequently leave no trace 
of their existence in the adult scale. They begin to be formed when the 
scale is still comparatively thin (75-100 fi), and like it they owe their 
origin to the cells of the outer or scleroblastic layer of the dermis from 
which they are principally formed. 

The first step in the formation of a spine is an increase in the number 
of the cells lying upon the upper surface of the scale just under the 
basement membrane. A thickening is thus formed which rises up 
against the base of the epidermis in the form of a papilla (Plate I. Fig. 5). 
The basal layer of epidermal cells becomes arched over it, and the co- 
lumnar character of the cells much more pronounced. The papilla 
increases in height rapidly, pushing forward into the epidermis, with its 
point directed slightly caudad, but remaining at its base little if any 
larger than at first. The cells of which it is composed are the same in 
character as .those overlying the scale ; in the axis of the papilla they 
are crowded together without any definite arrangement, but at its periph-, 
ery, where they adjoin the basement membrane which separates them 
from the epidermis, there is perceptible a certain degree of regularity in 
the arrangement of the nuclei ; they lie rather closely appressed, being 
elongated radially to the axis of the cone. 

After the papilla has attained a considerable height there appears 
upon its tip a thin crust of calcareous matter secreted by its cells ; this 
gradually extends down over the sides, forming a conical cap (Plate II. 
Fig. 10), which is pushed forward by growth from below as the papilla 
increases in height In the early stages of its. formation, the papilla 
merely indents the lower surface of the epidermis, but as the point of 
the spine is pushed forward it causes a swelling upon the outer surface 
of that layer (Plate I. Figs. 5,6). At the same time that this is taking 
place the thickness of the spine cap is being increased by the addition 
of new material from within. By the continuation of these processes 
the point of the spine is made to pierce the epidermis and so lie free to 
the exterior, while the basal end joins the scale already formed below. 
There is no joint or hinge of any kind at the place where the two 
unite, but the material of the spine is directly continuous with that of 
the outer part of the scale. The cells of the papilla are thus entirely 
shut ofif from the other scleroblastic cells which lie over the outer sur- 
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face of tho scale except at cmc point, where a sinall opening peniiiitB 
through the Hide of the haitc of the spine at its junction with the scale 
(IMate I. Fig. 7, and Plate IV. Fig. 20). 

I have aM yet said n(»thing concerning an cnuinol layer upon the 
spines, )H.'cause it could not he observed in any rnateriiil of th<* stages 
descrilicfl. I^th Ifertwig and Klaatsch assert that the |MiintH of the flpin<*« 
are covenMl hy a cap of enuinel. KeisHner nnyn (p. *2CA)) : ** Die giin/i*n 
Htachi'ln scheinen Ubrigvns auch cinen dunnen Telterxug von Schmt*lx 
xu beHitz«»n.** In scutes which have reached the condition in which 
spines are present the thickness and hanlness arc such as to make mvtidn 
cutting inipnicticnhlv, unless the tissue is first doralcified. In Mectimis 
of decalritie«l scales no tracu of an enamel cap is to )>o m'on, nor ih any 
s|iace \vf\ )»etHe<*n the |M>int of the spine an<l the haw* of the overlying; 
epidennin to indicate that anything hiis Imm.mi lost. I was f(»r some time 
incIiiitHl to l>eheve that lioth Hertwig and Klimtsch wen* mistaken in 
assi*rting the presi*nce of an enamel cap. In spines, tiMi, wliieh were 
broken oH* from scales which had Imm.mi tnmted irith caustic |M»taNh to 
remove the fleshy matter, there was evidently no eimmel present. Siieh 
a spine is hIkiwu in Plate 11. Fig. 11. Its cavity is mniu to U' c«in- 
tinut*<l tip into tho tip as a dendritic synteni of fine tiilndes (Pi*n 
tinrolirelien of Hertwig), wImiho finest branehes can lie tnieiMl ipnte to 
the ntirfact\ and so pnrliide the |M}ssibility of an enamel cap U'liig 
present. 

I NneetH*«l«*4l in learning tli«* true condition only when, by thi' aid of :i 
low |»ow«'r of the mii'niM*o|M\ I wutehetl the caiiHtie |M»tiihh hIowIv eut 
away tlie titMiie fmm tie* Nurfaiv t»f the Hpiin' Uiiring m*Hli*. Ah th«* 
epiil«*riiMl tiwtiir liecame elcar and iN'giin to lie divitilvetl, there could Ih* 
set-n mip|Mtrt4s| m it tiiiinite m*ntti*n'il (!a|>s nn<*oiinecteil with the M*ale 
or the fi|>tii«*i«. With a bttlr MMirch, however. tlieHC ea|iH were found 
III f«<>iii« v:\n»'^ n-ttiti^ directly over the |M)ints of Npiiir.s, but nii«M'd 
s)ii;litiv friiiii iImmu (Piute IV. Fii;. 27). Similar coiiiriil c:i|m wer«* uNo 
fiMliid 111 the iNittfiMi ttf the w:itch-gliu>di after the Mif) ti'^'oii"* litid 1n«>ii 
eiitm-lv •l«Htroy»*«l. S«Vfnil «»f t!H"M» Iimhw* i\i\m Wf-n* picked up .iii«l 
triimfcrn-d tn \:\iiKH «tidr«. Oil tr<*atiiiL' thfin with w«>;ik ii(*i«I cy', IM'h 
th«'ir |N>iiit< «|uii*k)v di«4<>)\i*«l awav, leuvnrj tin* cup tniiir.-tti' ( Tl'iti* II 
Fi;: I -, •» ''» Th*' r» "t ii«»* ••nlv wii ii<it diH-ailvi**!. b«ii ii •»lii»wi'il ii 

rh:in.:«- win 11 •tr-.li.'if :irji| \ 1"'^^' 1^^ '' ^ •*•» :»dd«'i!. Fp'Ol llil'i It wmd'l 
wfin th.tt till* «iiilv p.tit i<f thi' HiMiif wlih'h cHti In* t-iiii>^Hh'iei| to Im* 
I'li.itn* 1 m tin' "inil! :if» \ wlii<lt m di^milvfil iiuiiv \t\ tip* ari«l. nr fN«* 
tli;it tli«* bxvil lelU <*f the epidermis first m'< retc a hiilk^tanc«* whirh m 
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largely animal (not mineral) matter, a subfltance which closely resembles 
the matrix of the scale itself. But I know of no case of true enamel in 
which the secretion is of such a mixed nature. 

Whether the bony material of the spine or the enamel tip begins to 
be formed first I have no means of determining. I believe that the two 
formations begin nearly simultaneously, although there is some reason 
for thinking that the enamel is not secreted until a part of the bony 
spine has been formed, for in a few cases I find peculiar abnormally 
shaped tips (Plate I. Fig. 6, Plate III. Fig. 18, and Plato IV. Fig. 26) 
which are more readily explained upon the former assumption. These 
all occur on individuals raised in aquaria, and I believe them to be due 
entirely to artificial influences, — perhaps to handling. If the enamel 
were already present over the tip of the spine, I cannot believe that its 
point could be so distorted, whereas the matrix of the bony part of the 
spine is probably somewhat plastic when first secreted. It is also con- 
ceivable that, before the commencement of secretion, some distortion of 
the papilla permanently altered its form and caused the abnormal shape 
of the spine. This seems to me less probable, however, in view of the 
particular forms which the points of the spines have taken. 

The material of the spine is in lamellae, though these are not as dis- 
tinct as in the scales. The insoluble part of the point (Plate II. Fig. 
12, b) is doubtless made up of the first formed lamellee of the spine 
which have separated from the rest of the cone on treating with caustic 
potash. In Figure 25 (Plate IV.) is shown the splitting between lamellae 
caused by an oblique cut through the basal part of a spine. No sclero- 
blastic cells, however, are enclosed between the layers, and the material 
of the spine therefore differs from that of the scale at its base in that 
particular. But the absence of enclosed cells is not surprising, in view 
of the thinness of the walls of the spine. In reaction toward acids there 
is no difference between spine and scale. 

The number of spines upon a scale is wholly indefinite, and their 
arrangement for the most part not subject to any precise law. They 
are more numerous near the free (i. e. posterior) margins, and here 
show a tendency toward an arrangement in lines parallel with the 
edges of the scale (Plate IV. Fig. 31). I have counted over thirty 
spines on the posterior margins of a scale whose central area was 
nearly destitute of them. Though some spines are formed near the 
centre of the scale, by far the greater number arise near the posterior 
edges. With the growth of the scale, however, the margin advances, 
leaving them farther and farther from the edge. 
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The sclerobliiU overlying the scale about the Inmcs of the spines do 
not oeanc their secretive activity when the spines are completed, but 
their 8M:rctiou continues to be employed gradually to thicken the scale 
by additions to its upper surface. The amount of material so a<lde<l 
is very little in the central |)art of the scale, but toward the roar^infi. 
where growth is still taking place, and where the greater number of 
spines are fonned, it is considerable (Plate II. Fig. 1.')). Thb results in 
the basal ends of the spines lieing surrounded and incorfwratiHl in tlie 
outer layers of the scale (I'late IV. Figs. 24, 25). These outer layers 
abo contain enchised colls, and are composed of exactly the same mate- 
rial as the layers immediately underlying them. 

It is thin outer |iart of the scale which Klaatm*h l>eIiovett tn lie the 
enamel layer <if Hertwig and other authons and which he calls tjttnotn. 
He says (p. 141) : '*Sie [die (ianoinschicht] entsteht iin Anschluss an 
die Xahnbildung auf der *Schuppe ; sie ist eine direct Fortsetiung tlea 
ZahnljeiiiM der kloinen Schup|ien»iline.'* Ho also says (p. 132) : " Die 
Sulistanx der (janolnschicht stimmt in ihrer homogenen Ileschaffenlieit 
roit dem Dentin der Ziihnchen tU>erein/' 

In this I believe that Klaatsch is in error. It is inconceivable to mo 
that any one who liad set*n ground Mictions of the gimoin umler the 
micriisc«i|>e could for a moment confound with it the dentine of the 
spines. .Moniiver the tigtiro of giin(»iii given by Klaatsch (Tafel VII. 
Fig. f») n*pn»HentM a eonditiou quite ditlenMit in ap|ieanince from that 
|irvM*nt4H! by the true giuioin. Furtlieniior(\ us hIiowu by the tnblo 
aln*ady given (|>:i(^» 117), I fimiitl no tniee of the giuioin layer on the 
seal«*H of a fiNli 2S'J nun. loni: while the fihli fnmi which KIaattieh*H mate 
rial ranie wiu«i>nly l*<nnini. loni;. Keiwrncr (^'|'.^ p. 2t»0) suys oourenniiL; 
the Hpiu«*«4 ** ilire Iii^iTtionsMtelleii unnnttclbar iintcr dem S'hnirU be* 
gi*n." Th<' pr«*H4>ii<'t« III thiN outer layer of enclumMl oHteiihluHtH, wht« h art* 
alHMiit fr<*iii the Iitvrr iIi'mtiImiI bv iCeisHner aii«l llertwi;:, the fut-t timt 
it 14 n«>t dfntn»y4«d by aiMtl. mid itn optical pn>|M'rtirN, ull ^ivi* ediiviiirin*^ 
|inNif thitt the nmtiTial *it>en>t«*«l *' ini .XuhcIiIuhh an tlie Ziibiibiltliin:: 
auf th-r S'hupfw' ** in hut the Itiyer ib'srnlNNl liy Ib-rtwi^ nti'l otlirrs 
n« riiftiiifl. If th«*ii, !i*4 I lH'Iii*ve, KlaatMt'b (ImI not m'r tlit* Itivrr in 
«|Ui-«itii'n. liiK • Iniiii ill r«'u':inl tn iti tiri;;in nui li:iv«' ni> ufu'lit, an>l the 
ipl«**itr->ii iif itH mMir><> ri III iitiH VklnTf Mntwi;/ \*'(\ it.' 

' It t •■\A\ f«ir t<i ttitr li'iw«-\rr. tli.it )>'iiti \\\v 17 •'• • m .iipI tin* I'l rni irar 
fitki'* «^l■ ^ 1 "'ii l.<- 1 «ii rr killc'l III a' I'l*. •<• t)iiit I Ii4«i' no iiii>l< • :ili ifl^'l riiat«*rtal 
««f fhr •.tiiH- • fi* «■ il.i! «hii ti KUalach •tu<lii**l, f«ir • |i4'rfi'<-t i«iiitrul i>f hi« Ktaie* 
iiiriit aImjuI tlir s*a">i* Ia^iT. 
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I have frequently found in sections of scales of different ages, killed 
by various reagents, a narrow marginal zone appearing somewhat 
different from the rest of the section (Plate I. Fig. 3, and Plate III. 
Figs. 17, 20). This often appears strikingly like a different layer 
of material, and is sharply bounded from the deeper-lying layers. I 
believe that this appearance is due to the action of reagents used in 
killing or staining {in toto\ or both, and not to any natural difference 
between the parts of the scale. No such difference is found in material 
killed in alcohol. Klaatsch refrains from stating anything concern- 
ing the methods he used or the manner in which his fish had been 
killed. The impression produced by the study of his paper is that he 
was misled by some artificial condition such as I have just mentioned 
and figured. 

I have already stated that the spines frequently leave no trace of 
their existence in the adult scale. To what their disappearance is due 
I am unable to state positively. Before the outer layer begins to be 
formed they have almost completely disappeared from all the central 
part of the scale, but usually a few still remain close to the posterior 
edges. Hertwig (79, p. 7, Taf. II. Figg. 1, 2, 3, 10) has described and 
figured certain little knob-like elevations projecting up into the ganoin 
layer, and he believes them to be remnants of spines which have been 
lost. In this conclusion he agrees with that already expressed by Reiss- 
ner ('59, p. 260). I have carefully looked through series of sections 
from two different adult '' gars *' for such structures, but without finding 
them. Hence it would appear that their occurrence cannot be considered 
a constant feature. In scales from one young fish 46 cm. long, however, 
I found some peculiar structures similar to those figured by Hertwig. 
One of these is shown in Plate II. Figure 14 and is without doubt, as 
Hertwig maintained, the base of a lost spine. It had been entirely 
buried in the ganoin. There were also present a number of other 
much smaller bodies lying between the top of the scale and the over- 
lying tissue in the space from which the ganoin had been dissolved. 
These were widely scattered, and many were little larger than an odon- 
toblast cell ; they were of an ovoidal or spheroidal form, and appear 
to be the same in composition as the one figured (Plate II. Fig. 14), 
and I am led to the conclusion that they are also remnants of the 
bases of lost spines, which were probably in process of absorption when 
the secretion of the ganoin began and buried them. Hence I be- 
lieve that the obliteration of spines is in general due to absorption, 
though it is hardly conceivable that the distal part of the spine dia- 
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appears in this way. That tho disappearance of the spines is due to 
resorption was suggested by Hertwig ('711, p. 8). 

Tlie gnnoin layer l)egiiis to be formctl first over tho central area of the 
scale, and covers all but a very narrow nmrginal zone, as a regular coat- 
ing of uniform thickness. At this time the spines have mostly disafn 
peared from all except the posterior mai^n. The ganoin is sefianitcd 
from the bony part of the scale by a diHtiiirt, regular line, and shows 
markvtUy diflercnt optical properties. It is more highly refractive than 
the |NUt below, and appears entirely homo^^cneouH except for a very 
deli(*ate striation |)arallel to the surface*, whirh probably corresponds ti> 
irregularities in the rate of defKNtition. It cannot Xw se^'u in cut 
sections, since it is <?ntirely destroyed by deculcifitration, without 
whiirh section cutting is inifKissible in scales of this age. In scnrtions 
prepared by grinding it presents tho ap|H«aranoe seen in Plate 11. 
Figure 15. As seen from tho surface, t(Mi, the apiH^anince is quite 
unlike that of the l>ony ]iart of the scale, which is not covered by it 
(Plate IV. Fig. 27). A knowledge of this layer can In* obtainiMl only 
by conibiuiiig the results of stutly l>otli of sccttoiiH fn>ni decaIcifio<l 
tissue aikI of pre|Mnitious made by grinding undecalcified scales of the 
SAUK* stage of development. 

I find the ganoin layer first present in a fish 52 mouths ol«l (lU) cm. 
lont?) riMin^l in confinement , it is nlnn prem*nt, and a very little thicker, 
in a fidb of the siiine ItMigth from Quiiicy, III. (Plate II. Fig. 15). In the 
former cium* tbe rt.*liiti(>ii <}f the scale to tlh* epidermis could not l>e made 
out, but in tlif Inttcr ull the tissues were well preserve*! in a |)crf<H:tly 
heiiltby e<»ndititin, mid tli«* cpidennis was distinctly m^pfiratiMl from the 
iM*alc by a tliin Iiiycr of dcriiiid NclentbltiMtM (u*Id(^in over two or lUrt^ 
n\U iUuV (VUu* 11. Fi^'. !«;. and Pluto IV. Fig. 23). The foniier of 
the two fii^iirc** cittMl Hbonifl nlHiiit an average cniiditi4in, and the latter a 
plac** near the (»|ieiiinK of on«* «»f tho cannU which pierct* the central 
|iart of the <M*aIi* uhcn* tho bhMMl.vi'HM.*]N and Murroundiiig tissue make 
an uiiu^urilly tliick subepidermal sheet. Siimll blood vesitels are abun 
dant Ml tht^i laver. 

fbi the H4*'den nf f% young Ix*pid(mteus 41 cm. long, in which tb** 
layer **f ^'niioin hud n thicknenn approtichiiig that fduiid in the a*Iu1t, 
the •nil>-«'|ii'!»'riiial Kyer titill |N'rHiHto<l nver the m^iilei of l»«»th tJ.t 
veutriil ttifl th«' d'T"*,'!! n'uM«»n«i, thMU;:h in tlie hitter tlie ipidtrti. •. 
iih«>Hid n |M'n*eptib)i* d«-cn'iiM* ui thickness. 

I nni therefore leil t«i the cnnclunt'Hi timt, as iii.'iii)t:iiiii>*l )»y KUnt«'h. 
the outer s«'ali' layer, called enaiiu'l by L .\u'»"»'*iz, l.*ei«»*inr. and llertviig. 
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is secreted, not by the epidermis, but by cells of dermal origin. Hence 
it is not enamel in the modem sense of the term^ but may better be 
known by the name of gauoin, the term introduced by Williamson and 
recently revived by Klaatsch. 

The great difference in physical properties between this ganoin and 
t\^e underlying layers of the scale, and the striking resemblance which it 
bears to the enamel of the scales of Selachians and of the teeth of lower 
vertebrates, have suggested that the secretion of the epidermal cells may 
have made its way through the very thin layer of dermal tissue sepa- 
rating the epidermis from the scale. If this were so, the thin layer 
of sub-epidermal tissue with its rich blood supply would have to be 
regarded merely as a device for providing an adequate supply of nour- 
ishment to the epidermis during its work of secretion, — a device not 
necessary in the case of the selachian spines by reason of the small size 
of the secreting area, nor in the mammalian tooth, because of the sunken 
position of the enamel organ in the gum. This theory would also account 
for the absence of prismatic structure in the layer. 

The condition of the cells of the basal layer of the epidermis, how- 
ever, makes this h}'pothesis untenable. There is nothing in their form 
or appearance to give any ground for comparing them with the cells 
active in secreting the enamel cap upon the points of the spines in 
Lepidosteus, or with the cells which in the Selachians secrete the enamel 
which coats the scales. They are not more elongated than in early 
stages when the scale is just beginning to form; their nuclei are not 
larger, nor do they show any difference in staining quality ; in short, it is 
impossible to look upon them as an enamel organ. (Compare Figure 10 
with Figures 16, 22, and 23.) 

We are thus compelled to admit that the dermal scleroblasts give rise 
to three different products : (1) calcareous scale material with animal 
matrix and included scleroblasts ; (2) ganoin ; and (3) a membrane which 
Hertwig has called enamel membrane, but which may better be known 
henceforth as ganoin membrane. 

This membrane is clearly visible in all sections of tissue fix>m which 
the ganoin has been dissolved away (Plate II. Fig. 16). It is a struc- 
ture which is entirely distinct from the basement membrane with which 
it was confounded by Hertwig, and in sections appears thicker and more 
prominent than the basement membrane (Figs. 16, 22, and 23). 

It appears that we have to do here not with a differentiation of the 
cells of one layer, but rather with a modification of the function of the 
same cells at different periods in their history. The only case at all 
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oomparable to it with which I am acquainted is that of cartilage cella» 
which in the formation of endochondral liono become tranafunned into 
otttcohlasts ; i. e. the character of the secrctiun of the same cells is 
diifereiit in the diflercnt periods of their activity, and hence to that 
extent the two cases are similar. 

In young scales in which the ganoin layer is still thin it forms an 
even coat, and the striation visible in it is pamllol tu the surface. In 
sections i»f older scales there are, near the edges, a iieries of notches in 
the lower surface of the ganoin which conform to ine<|ualities of the 
upper surface of the underlying lK)ny layers (Piute II. Fig. 1<>). Similar 
conditions have already lHN.*n dcMcriKMl and figuriHl by Williamson and 
others. Figures ITi and 1<) (Plate II.) Hh(»w that each notch marks tlie 
IKiiut which was once the edge of the ganoin layer, and that the funiia- 
tion of ganoin on one side of this |N»int (right, Fig. 10) and of lony 
material on the other must have gone on for some time without any 
lateral t>xtonhi<»n of the ganoin taking place. It is also evident that 
oxt4'nsi«inM of this layer e<|uivalent in amount to the distance Inrtween 
succesKive notches must have taken place |)eri(Mlindly, n(»t by rontin- 
uouri growth. The caiute of such |K*ri<Klicity I have no means f«>r 
dfti'miining. 

Tla* fuit* Mtriutions (lamellation) in the ganoin which have already 
Imvu UK'ntiontHl have directions in this |iart of the layer slightly diflurent 
fr(»m thoM* in the region farther fn»m the margin of the scale. Insteail 
of U'iii;; iKir.illel with the up|KT surface, they are eonfonnable to the 
earlirr Mirfiu-es nf tlie layer, und s<> have a dip downward towiml the 
underlyuiu' Utny iimterud lut they approach the eilp.» of the seale. They 
alno );nidiiully duniiiihh in thiekness toward the central area of tlie 
w*ale, kIkihiii;: that the pntcc^Mii tif m^eretinu went t>n less rapidly there 
than it did n«-ari*r the uiaruiii of the iit*ale. 

The ** tulNH lepidine*! *' of WillianiNon an* clearly viNible in ground 
Mictions tliotii;h not prefM'Ut in eut MN-tion^ of decaleitieil Hc*a1et(. They 
an* due to the prcHrnee of inKuleitietl oonnective tiiutue ttbn*«i, as has 
In-i'U fitate<i bv KLiatiH'li. TIm'm* tibren in drvini; Khnnk. ami so leave 
nnnnte nparett aUait them Hhirh tlie litdHnni diK>H not enttr {tU, ffti., 
Plati II. lu'. i:». an.l Pl.ite III. Fi;:. iM). The CMime ofthesH* •*tuUii- 

II \< r\ iliuraetrn^tit', ainl it •«howii in Fik'ure I.'). Tliev are altfteut in 
the p:trt ••! tin hi .ili* iiiiiii« «li:itt 1\ briieath the );;iiioiii l:t\rr; they In^^ui 

III tli.it I .lit vihirli w:i*t tir-t r>niH-d. and fnifii liiTt* tlirv ni<li.ite« — the 
ilimt:>'iii U'lti;; do\«iiviard in the middle i*f tin* sr\\v aii<I thak'ofially 
do«n\»afd and oiit«nnl near either end of the section. 
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Klaatsch says concerning them (p. 129): ''Untorsucht man eine 
Schuppe des jungen Lepidosteus in getrocknetcm Zustande, nach Isola- 
tion mit verdUnnter Kalilauge, so 6ndet man in ihr schr zablrcicbe zu 
ihrer Oberflacbe parallel verlaufendc Robrchen. Dasselbe gilt von 
den senkrecht aufsteigenden FaserbUndeln. Die Rohrcben, welchc sie 
in getrocbnetem Zustande hinterlassen^ sind von Williamson bci der 
erwachsenen Schuppe als ^ tubes lepidines' bezeichnet worden/' 

As may be seen in Figure 15 (Plate II.), the greater number of these 
'' tubes " have an oblique direction ; none are exactly parallel to the 
surface, though the ones near the ends of the section are nearly so, and 
only a small part are vertical. Thus it is evident that their courses arc 
not the same as those of the fibres of dermis which has not undergone 
calcification, neither do they agree with Klaatsch's statement concerning 
them. It is also noticeable that they do not have the same direction as 
the dentinal tubules among which they lie, but that the two often cross 
at considerable angles. Klaatsch does not account for this, neither am I 
confident that I can explain the causes of the differences in direction to 
which I have called attention ; but it would seem to be due to the 
odontoblast cells — in common with a part of the other scleroblasts — 
migrating before the advancing line of calcification in a direction per- 
pendicular to the surface of the scale adjacent to them, such migra- 
tion being however independent of the course of the fibres among which 
they lie. 

I find that the small scales from the under side of the lower jaw agree 
with the description and figures of Ilertwig ('79, pp. 2, 3, Taf I. Figg. 
1-5). They closely resemble the larger scales in all essential respects, 
differing from them chiefly in size and in having the form unmodified 
by the proximity of adjacent scales. They are composed of a basal 
bony plate, which is not destroyed by acid, of which the central part is 
covered by a layer of ganoin, soluble in acid, about which there remains 
a narrow marginal area not covered by the ganoin, but bearing one or a 
few spines. The number of the spines, upon which Ilertwig laid empha- 
sis, is, however, as has been stated concerning the larger scales, entirely 
indefinite, and can bo of no morphological importance. The scales 
described by Hertwig as having one spine owe this condition doubtless 
to the others having l)een lost, not to the scale having been developed 
as the basal plate of that single spine, as is the case in the placoid 
scale. Such scales cannot therefore he considered as the complete 
homologues of the placoid scales of Selachians. 

Mark ('90, p. 11) has described the act of swallowing in the young 
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gmr-pike ; this procem i;iveii a satinfacton' oxplatiatioii for the feebly 
developed coiiditiou of the scaleft uikiu the under Hide of the lower jaw. 
He oliaen'cd that in the act <»f deglutition the floor of the mouth l)ecaim* 
very much distended, ao much ao an to lead him to cum|Nirc it to the 
pouch of a feeding |ielican. The fre<iuent di8tenti(»n to which this part 
of the skin is suhjecte<l hy the greedy habits of the young fish funiishea 
a sufficient reason why continuous plates of hard 1»ony material are not 
formed in this part of the dermis. The small size of the scales deM'riUnl 
by Hertwig (*79, p. 9) as lying at the Imses of the fniH is doubtless to lie 
explained in a similar manner. Instead of being atavistic conditions, as 
maintained by him, they would ap|)ear to lie due entirely to the action 
of purely mechanical influences. 

I liavo already s|)oken of the canals which pierce the central |mrt of 
the scale, and which have been called Haversian canals by Hertwig and 
Klaatsch. Their usual course is from lielow directly through the scale 
to the upper surface, where the vessclri which traverse them spread out 
in all directions through the sul^^pidennal layer. There are S()nietinii*» 
one or two vessels 4»f considerable size* which at the upfier surfmv bri'ak 
up into small branches, but quite as often the canal is fillcMl by a large 
uumlier of minute vessels ap|iarcntly distinct fmm one another. The 
course of thosi* canals is not, however, by any means constiint. I have 
found that sometimes, instead of ntnning tIiriH:t1y through, they extend 
for w»me dintanfM* iuHide the scale luindlel with the surface. Iu<lrei|, in 
the scab's of one fish ('JH7 mm. h>iig) the rule ruM^nie^l to U' r*r ((Uite a 
numlier of cannlN to run htirizoutally through the MMileH for mnNidcrable 
distances. This condition neeuiH tt* me to give an a<Iditioiitd n*HiM»n for 
reganling thi*m* canals as IfHVerNiiiu, or |NTlmph In'ttcr — Hinoe the 
o«t4*«»blistJi an» not amuiged in eonrciitrir l.unfllii* tilM»ut them — its 
Vii|kiiiann*s cannla FignreH 2H twul 'J*J (Plate IV.) are fn»ni Meetions of 
such seuhii. In the formt*r fiifun* the canal ext«'niN tli«^ ^rrrater {Kirt of 
thf length of the scale ami f»|K*nH ti» the surfuri' at five |MiintN, near 
tti«iM* m.'irkeil /'#r., as can lie mnmi in other mrtmnn n<>t fignre<l. 

The Hurface mntour shows hduh* (|uite markiNl |N*eiiliHnties in si^ventl 
instamviL Figure 50 (Plato IV.) n-pretM-nts a jMirtion uf a m^ole from 
the name t'i*th as the one laM nientioneil (*JS7 nun. loti;;). The up|ier 
nurfari* Uar* nu!i»«TouH r>»un<l4N| rJcvatiouN <ir hill<Hk*», ii|K»n whu'li ft»r 
thr ni«>Ht part th«* ii|«:iit*H .ire iMirnc The variathitt in nhafK* and bright 
an* niiji' at«'d m !h«* liijMre. Fn'i|tHMitly tho t*ana1*« piero- the f*eale jU'»t 
lM-nr:tth th«^' t*li'\ at w»n<( ami ofH-n to tin* iip|M'r oiirfuot* at oiit* Mde, on 
indir«t4Ml by dotteil lines. Thi^ne slightly abnumnd (*ontlition<. mmmu to 
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me to show that not only in histological structure, but also in surface 
contour and in the degree to which Haversian (or Volkmanu's) canals 
are developed, Lepidosteus scales stand somewhat more nearly related to 
those of Polypterus than has been held to be the case. 

The relation of the Ganoid scale as seen in Lepidosteus to those of 
other groups of fishes remains to be considered. If my conclusions with 
regard to this case be true, the idea that any Ganoids have enamel- 
covered scales will have to, be discarded, fur Polypterus scales are so 
nearly like those of Lepidosteus as to make a difference of origin 
extremely improbable, and no other fishes of this group have scales so 
closely resembling enamel in physical characters. What relation do the 
scales of Lepidosteus bear to those of Selachians? In the scales of these 
two forms there is much that is unlike. In the former the basal plate 
begins to be formed first, in the latter the spine is the part first to 
appear ; in the former the spines are many upon each scale, and they 
are small and transient, in the latter there is only one to a scale and 
they are large and persistent. In the former the scale plate contains 
osteoblasts, Haversian canals, dentinal tubules, and three crossing sys- 
tems of incorporated fibres ; in the latter only dentinal tubules (not in 
all respects homologous with those of Lepidosteus) and in most cases a 
few ends of the vertical set of fibres, though in the more highly devel- 
oped cases three sets of fibres are found. 

There is however one respect in "which the two agree quite closely. 
The spines are in all essential characteristics alike. Both have the tip 
covered by enamel secreted by the basal epidermis cells ; both have the 
main part composed of calcareous secretion (dentine) of dermal cells 
lying within and occupying a central cavity. Both have a system of 
dendritic tubules extending from the cavity into the region of the tip, 
and both arise by the calcification of the outside of a dermal papilla. 
These must, then, be taken as the fundamentally homologous parts, and 
must serve as the basis for comparison. 

In the Selachians the simple spine has remained as the typical 
stnicture, and only in the more highly developed cases (^lustelus laBvis) 
has the basal plate been developed to the extent of incorporating in 
itself the fibrous dermis. 

In the Ganoid scale two changes have taken place in the passage from 
the condition in Selachians : — 

I. The basal plate has increased in size and in complexity of or- 
ganization until it has become the essential structure ; not only has it 
incorporated in itself the dermal fibres, but with them it has also taken 
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in the 8clotx>blftstio dermal celU to Itecotne ostooblaMtii, aud in connection 
with this process it has develojied n Mvstcm of tiihuhii for supplyiii^ 
them with nourishment. Mort'ovrr, instead of boin^ foniicti diiuply an u 
continuation of the pntcens by which the spitio in produccil, it haA como 
to develop indc|)endcntly of the Kpine, for it is only in a hite bta|;r (»f it a 
gn>wth that the two lieconie united. Thus the < tantud hcuIo plati* MH>niN 
to have arisen fn>m the placoid basal plate by increase in size and with 
important modifications. 

2. The spine, on the other hand, lias become reduced in sixe and in 
complexity of stnicture, and is in (tanoids (lA'pidoKtouN) only a rudi- 
mentary or^afi arising; late and disupfwarin^ early, as in frcNpiontly ttit* 
case with degenerate strurturesy the " wisdom tt*i*th *' of man Umui: a 
familiar illustration of this. 

l{ertwig*s view is that the si*ides of I^pidosteus Iihvo arisen by tin* 
fusion of numerous smaller basal plates of mralos of the Si>ltu*iiian (pla- 
coid) ty|>e. Ktkch spine U|>on a scak* of Lfpidosteus then*fore n*pri-M>nt^ 
a primitive placoid scale, and the wliole <ianoid bawd platr Iiiih arim^i by 
the fusion of as many simple scaKm as the total nuiuU'r of spines fonn<*ii 
U|M>n its surfiux*. Klaatwh objorts to this interpretation, sin«'o tlu» 
number of spines is so large ami wholly indetiiiite. and l»ecaum* tin* 
spines lack such an orderly arrang«*ment as that whirh the S4'al«*s have 
in selfu*hiaiis. 

My own view in n'ganl to this matter is (>MS(MitiaUy the same as that 
expresM'tl by the latter author Thou;:li tlie tSanoid Hf-ale niii*tt Im« 
n*ganled at a iip>n* lii'jhly develo|N*4l biu«al plate than tliiit f«iund tn the 
S'laehianH, itn oriuih im not due to the fiinitin of many Miiall oneH, but 
rather to the e^lriti<'ati<>ti which in SidachiaiiH ori^'ioatfil in conn(M*tioii 
with the format mn of plaenid spineH, liavin^ beinino in l^*[iidcr(tet|i« 
an iiid<'|M'niIriit priN-«-*«H iki I'tn^^rr liffN'udent ii|>on the impulNr t;iven by 
till* u'rn\Ath of the s[iine The lienMlitary tendeney toward the crowth 
and ralntiration of piipill.i- Ntill Nho«!i itficlf. liow«>v<*r. in thi* form.iti(»n 
of the miiall Mpincs, th*»iiuli these art* retanleii in time and but h-ebly 
devili»|»«N|, 

.X** l*>tiu' an etMdi npiiie hul a hnnat plate, sm in S4*larlii;iii*4. the upatial 
ri*4|i|iri-fiii lit <<f thin p):itf i-htimhihI a eoiitrnllii);; iiiHiienn* tip<iii the niini 
l"T Hill the firraiu'i-riiffil ''f tin* •^cali's i : npiiie^) NN hrn ii«»w, i\H in 
1^1'. -!•■«•• n*. thf '•j-.l»«'» havi* r»iiiii' In uiiHf iii(lr|M ihliMit 1\ nf tin* under 
l\ih^ jilt'-. •»'!» Ii r«-trfim! i* ri'iiiM\iM|, \iw\ >%i> <'<>iiHf.{>it-titly tiii<l iiii in 
I r»'i*«' -n th«' nuiiiU-r "f thr ^pinrn und a l.uk ••!" n/ulanly in tbt-rr 
arraii *fment. 
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Upon the development of the scales of Teleosts I have made no obser- 
vations, but employ for comparison with the process in Lepidosteus the 
accounts given by Klaatsch and Hofer. 

In the earliest stages of development a similar modification of the 
dermis takes place in both cases, giving rise to local thickenings of this 
layer within which the scale begins to be formed as previously described. 
These I hold to be homologous structures, but not the homologues of the 
dermal spine papillas of Selachians. 

The resulting bony plates formed in the two cases are homologous but 
that of Lepidosteus attains to a much higher degree of development 
than the one formed in Teleosts. The part to be formed ' first in the 
Teleost scale is, as in Lepidosteus, the outer more homogeneous part, 
but in many cases it differs from the corresponding part of the scale of 
Lepidosteus in the absence of enclosed osteoblasts. That these are 
present in some species and absent in others which are very near 
relatives shows that this difference cannot be of any great morpho- 
logical importance. Whether they have been secondarily acquired in 
one case or secondarily lost in the other need not concern us here. 
Their absence in some cases cannot prevent the layer being considered 
the homologue of the corresponding layer in Lepidosteus. 

The deeper fibrous part of the Teleost scale is the later formation, and 
in this respect, as well as in general structure and method of develop- 
ment, agrees with the deeper part of the scale of Lepidosteus. 

Tlie outer layer of the Lepidosteus scale, the ganoin, which is the part 
latest formed, is absent in the scales of Teleosts. It is a layer which has 
been developed within the order of Ganoids, and is not found in any 
other group of vertebrates. 

Throughout the series of scale structures beginning with the Selachian 
type there has been a constant tendency toward reduction of superficial 
parts (spines) and increase of the deeper parts which are independent of 
the epidermis. In Selachians the process of scale formation begins at 
the surface of the dermis just beneath the basement membrane. In 
Oanoids there is the same process repeated at the base of the epidermis, 
but in a much less vigorous manner, while the principal activity is 
deeper-seated, in the midst of the dermis. In the higher Teleosts the 
whole scale growth, is within the dermis, and the more superficial 
process is entirely lost. 

Thus I believe that the basal plate of the scale of Lepidosteus and the . 
Teleost scale have both lK?en derived from the basal plate of the placoid 
scale, and have for the most part been modified along the same lines. 
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That the geoend coune hat boon tho samo in both caaes ia shown by 
the fact that a broad flat bony plate compoaed of two laycre» an outer 
more homoj^iieouM and a deeper fibrotia one, haa resulted in lioth caMCs, 
tliat these have deTelo|>ed ontogcoeticall}* in a very similar manner, and 
have come to overlap one another in similar dia^nal ruws. This boa, 
in l>oth coses, involved the reduction of the spines, which in 8«»roc of 
the lower Teleoats (e. g. Siluroids) and in Lepidosteus are present in a 
degenerate condition, but are abacnt in the greater part of the TeleimtJi. 
Tliat in aome of the lower Teleosts (e. g. Hypostomu) they do not fuH<* 
with Uio liaaal plate, but are joined to it by connective-tissue fibres only, 
may lie considered an evidence that degeneration has here gone a step 
farther than in l^epidosteus. 

KlaatiM;h's idea that the upiH*r layer (Ilyalodentin) of the Teleont 
scale is homologous with the ganoin layer cannot be true, for the two 
develop quite differently and their physical and chemical pn>|>erties are 
very unlike. If, as 1 believe, Kloatst^h did not see the true gatiuiii 
in I^pidosteiui, but mistook f(»r it the outer |Mirt of the lioiiy scale l)elt»w, 
his conclusion in reganl to the homology of this layer ia in perfect 
accord with that which I have expressed. 

If my conclusions concerning tho origin and nature of the outer layer 
(ganoin) of tho scales of l<«pidosteus is correct, it will follow that no 
very close and direct relationship can exist Ix'tm-een tlii^so scuh's an<l 
teeth. Thfir only relationship is such as ariseri from the fact that tlu'V 
are iMith derivi*<l from an ancestral condition similar to that fonml in the 
si*aleii of Selarhiana This primitive condition has lii*<*n moditiinl liy 
rhan;;fS leailing in opposite direi*tions. In the ni(»uth, the spiueit havv 
l>eeu dev«>l(i|»c<l to form the tiM^th ; on the Hurfiiee of the ImhIv^ the liaiml 
plate hoM k'lvon rme ti» the N(*alt*s. Thus each represi'nts at present only 
a highly miNltfusl |)art of tin* early ancestral prutoty|>e. 
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EXPLANATION OF PLATES. 



All figures were drawn with the aid of an Abbd camera lucida, from specimens 
of Lepidosteus osseus, L. 



ABBREVIATIONS. 



ba, spi. 


Base of spine. 


fub. (fan. 


Ganoin membrane. 


can 


Canal. 


nl. ' 


Nucleus. 


chr'jih. 


Chromatophore. 


od'U. 


Odontoblast 


drm /*br. 


Fibrous portion of dermis. 


pap. spi. 


Spine papilla. 


drm, spntj. 


Spongy 


P^9- 


Pigment 


fac. 


Surfiftce. 


sc. 


Scale. 


fac. e'drm. 


Surface of ectoderm. 


scl'U. 


Scleroblast. 


for. 


Foramen. 


spi. 


Spine. 


gan. 


Ganoin. 


tbl. de. 


Dentinal tubule. 


gln.^ 


Gland, first kind. 


tU. I})d. 


*' Lepidine tubule/' 


gln.^ 


Gland, second kind. 


vs. sng. 


Blood-vessel. 


mb. ba. 


Basement membrane. 
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PLATE I. 

Fig. 1 Longitudinal mcUoq of skin of joung gar-pike, 146 mm. long X 140 
2. Mucin gland cells of ectoderm ; <i-«/, stained with Kleinenberg'i lurma 

tozjlinr r, stained with Bochmvr's alum hematoxylin, a-</ reprt's^nt 

succetsivelj jounger stages. X MO. 
** 3. Longitudinal section through posterior end of very young scale from flah 

100 mm. long. X 262. 
** 4 Optical secti<in of ectoderm, parallel with surface ; from tissue stripp€«l 

off flrom surface of scales of flsh .'MM) mm. long, after decalcify mg 

the chromatophores lit* at a deeper level than the gland spaA*es. and 

therefore appear at different focus X 110. 
** 6 Section from flsh liiO mm. long, showing two stagt*s in the formation of 

spine iiapilUe; the section is n«»t quite parallel to axis of larger 

papilU. X 370 
** ft. A part of tlu* section m*zt to that repres4»nte4l in Figure f\ showing 

summit of larger spim* papilla and its |teculiar shaped secreted tip 

X Is line in which the fiutlier plane of tlie section cuts the basrmeot 

membrane. X tlTO. 
*' 7. A longitudinal section through a spine to sh(»w the canal connecting its 

central cavity with tlie cv tenor. X HN). 
** M. (Klontoblast with its process extruding into dentinal tubule Frcmi lower 

surfai*e of s<*ale of flsh 4(10 mm. long. .< 64NK 
** 'J. Another odoutoblast, having two nuclei ( ondit ion* as in Figure H. 
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IM.ATK II. 

Fig. 10. Section Uirougli the axia of a t|Hno papilla in which u^crction ha« beirun 
Kruni (bh IfjO mm lim^c x ^1^7. 
11. Optical lectiun uf tpim* bruken uff from scalv of a younK Lrpulustrut 

WM) mm. long. X ^iH7 
I'J Tip uf tpim* loufcnetl hy uk* i)f cauttir potaith , 'i, before treating with 
hy*lriM'lil«)ric acid, A. after applying ociil. X Io7 

13. Section ihmugh potterior eilge of aiicalc fmni a Huh •KM mm loni; i'k£ 
months olil), iihowing purtioim of luibetlileil baM'it of ftmr npint-s - :!!■• 

14. liate of a loit (reftorbed ') npine, whirti hnd been »urriiundtfl by leamitn 
befiin* the latter was dvntroyeil by dei*ul(-iflcation. From liih 4(Xl niii 

long ■ r.*s. 

lo Section (prepanil by grimlinn) through ncaleof flnh :i<Nt mm. long, fmrn 

S I' llartlitl - M 
h't. S«-i turn throuitti posterior margin of decuh-ifletl icale from (lib t'jiai mm 

long K I'JH. 
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I'LATK III. 

Fif(. 17. Kc'ction through axU of t »|iine nhowiriK the diflercncc in app4*ftrmnr« 
between tho lupcrflcial Xnmy laycrn uf tlie scale and thoM.* l>-inie 
tlve]ier. From flih VA) mm. lonK- X 370. 

'* IH. An abnormally shaped spine tip. X '^'O 

lU. Fibrillar appearanor of the under surface of a scale from a fish 2^7 mm. 
long, aHer treatment with caustic potash. X 'JTA, 

'* 'J^y Section thri>UKh anterior iHlge of a S4>ale fn>m a flsh VM mm. long ; show- 
ing flbn-s of conm*etive tissue in the scale. X 275. 

" 21 Tor lion of gnmnd section of scale tif flsh :«(N» mm. long. X 1^2. 

*£i. rortioii of flection uf 4cale anil overlying titiiue from a flsh 4<j() mm laog. 
X I'.iM. Ill t ground M*ctioii of an immiiliAtely ailjacent scale the 
gtinoin layer mi the corrc«poiiding (lart was V2-\'tfi thick. Iloth in tin* 
and the succeetling flgure (IMate IV. Fig. 2<t) an o«lontoblast is shown 
lying U|>on the up|M*r siirlaci* of the M'ale and MMiding its pri>ci*»i down 
through the gaiiom layer in a dentinal tubule. 
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PLATE IV. 

Fig. 23. Portion of section of scale and overljing tiiisuc from t fish 460 
long. X tiG2. Set' dencripUun of Figure 22. IMate III. 
** 24. lUse of spine beginning to be imbedded in the outer lajert of the 
From flth 11n> mm. long. X lilO. 
2o. An oblique M'Ction through tht* base of a spine partly imbedded in th« 
i»cale. From a flah 'JW) mm. long. X 3H7. 
** 2ii. Section tlirough a spinu having an abnormally •hapi'd tip. X 106. 
" 27. Surface vivw of pii«tvriur extremity uf a iM*iiIe free«l from soft tiMurs by 
treatment with caustic |»otash, sliuwing loosened cap on point ol 
spine. X 76. 
*' 2K longitudinal section tlmiugh a scale of a flub \V0 mm. long. X 44 
21*. I^ongitudmal siH'tion through a scale of a flsh *^1 mm. long. X 2>'i 
•'W. A n>pn*M'nlation of a |M)rtion of the aurfaci' of a ncalc of a iUh 2h7 mm 
long. The dotted liiM*s ■h«)W thi* positions of Haversian (or V»lk 
maun**) ranaU InMirath the ftiirfsiv. X 'il 
" 'M Outlines of ■••veral sraleN uf a fUh iMN) mm. h»ng. The dots indicate tlie 
positions of the spines on four scales- X <4. 
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No. 6. — Studies in Morphogenesis. — I. On the Development of the 

Cerata in j£olis, Bv C. B. Davenport.^ 

While at Mr. Agassiz's Newport Laboratory last summer, I collected, 
early in August, some specimeus of ^olis ^ which occurred abundautly 
on the Ilydroids. The individuals varied greatly in size, and, since Nu- 
dibranch eggs had been abundant on the same Hydroids earlier in the 
season, I regarded most of them as immature. 

I was particularly struck by the regularity with which the cerata, or 
dorsal papillae, were distributed over the surface of the body, and the 
constancy in position of young cerata in relation to the older ones. 

Figures 1 and 2 are drawings of two individuals showing the arrange- 
ment of the cerata. They are placed in transverse rows, which are not 
equidistant, however, but grouped in twos or threes. In each transverse 
row the largest ceras lies dorsalmost, the smaller more ventral, the 
youngest of all being often indicated by only a slight protuberance at 
the base of and ventral to the next older. The regularity of the pro- 
cess of budding of new cerata induced me to make sections to determine 
its details. 

The cerata of iEolis contain, as is well known, processes of the ali- 
mentary tract, — the so called hepatic coeca (Plate II. Fig. 12). They 
are covered externally by the ectodermal epithelium. Between ectoderm 
and hepatic coocum are mesodermal cells, which lie (1) in a thin layer at 
the inner surface of the ectoderm, (2) in a thin layer over the coccum, 
and (3) between these two layers, surrounding blood spaces or loosely 
distributed. 

The coDcum of each ceras connects at the base with a lateral diverticu- 
lum of the alimentary tract, — gastric diverticulum, — with which also 
the ccDca of all of the other cerata of the same transverse row unite 
(Plate I. Fig. 3, ga, dv,). There are as many of these gastric diverticula 
as there are transverse rows of cerata (Fig. 4, ga, dv,), 

1 Contributions from the Zoological Laboratory of the Museum of Comparative 
Zo<»lojfy, under the direction of E. L. Mark. No. XXXVII. 

'^ Owing to the immaturity of the individuals, I was unahlo to determine the 
species accurately. Figures 1 and 2, however, show the external form of the 
species (one or two) employed. 

VOL. XX IV. — NO. 6. 
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Distal to the ccocuiDy at the apex of the ceras, lies a sac which in the 
adult opens to the exterior and is connected at its proximal end with 
the cQDcum in such a manner that the walls of the two organs are coo- 
tinuouSy and their caTities confluent through a communicating canaL 
The existence of this communicating canal, although in past times cmlled 
in doubt, has recently been correctly reaffirmed by Herdman ^90, p. 53). 
The walls of the sac are com|)Oscd of almost completely vacuolated cella* 
which contain nettling organs or nematocysts. Since the cells of such 
■acs contain nematocysts, the sacs are called ncmatoplioret or cnitk>- 
phores. Cnidophores arc characteristic of the ifvolida*. Figure 1 3 rep- 
resents a cross section through a cnidophore, showing the vaciiulatcd 
cells and the neniatocysts therein (h/V^.). 

The first indication of the formation of a new ceras Is a thickening of 
the mesi^nchyme at the Imse of a young ceras and upon its ventral a»|ivct 
(Plate I. Fig. 5, mirhyJ). At a slightly later stage (Fig. G) the meam* 
chyme has Itecome greatly thickened, and a protul»emnce of the ectoderm 
has occurred. Karyokinetic figures indicate that the mesenchymatoua 
mass is growing by cell pniliferntion. Thv gn)wing mesenchymatoiia 
cells, as well as the adjacent cells of the gastric diverticulum, stain 
more deeply than those of other regions. 

At a slightly later stage (Fig. 7, III.) the wall of the gastric diver* 
ticulum {ga, c/r.) has U'gun to protnide into tin* tliickuned mesencli; 
and the ectiMlrrni is slmqily evaginated. Still later (Fig. 8, IV.) th« 
features U'rouie more pnuxiunccd. Tlio niOHenrbyniatouH cells iK^ifCiie 
arraiigeil intn three or four layent, of nhich one is rltniely applitnl tt» thr 
ect<Nlt*nu. and another to the lie|Hitir rfirnui. 

It IS imfiortaiit to note, (1) tlint tlir ectiKlcrm of the new ci'ms luii^at 
at an early htngt*, in the nn^'le ninde by tlu* ImhIv wall with the ventral 
wall of thi* nrxt oKIrr ivrnn ; (*J) tlint the meHencbynic is diHTtly c^in- 
tinuouH attli that of thi* octiih, nml in in fact tmnNitioiml from the nu*sKV 
dt'nn of the trunk to that itf tin* remN ; and (•)) that the biidtlini; 
<«nt<Nl«'rni bch at tli«» diNtal extremity of the gastric diverticulum, that 
is to Mv, at thi* nn^'Ii' nimlr by tbv cnntrir divert icnlnni, and the hwf 
ecTiui nriM'ii tlierefrom (Fig. .'t. err. .1). The niotlior evils of i*acli of tlie 
tbriM* Iii\crH I if tli«* innpirnt oniH tliUH lie ju the outer margin (»f the 
ri-^U'ii %%lii'iii't< the cfirrft)Miiiiliii^ liivcr of tlie Inst fornuMl eenui has 
nriM It W itli the 4l< vi l«<pfiiiiit I'f the reniH it ^rniliiiilly U><H>nies further 
ri-tiiii\i«l fiiiiii till* iii-xt Killer one {V\\i. \\), 

'\'\iv iH'Xt ^t.i;;i« tr;;iired (PiMtf II. Fi;:. 10 »'lnii*'* n eenin alinHO lc*n^h 
i«i Hli^litU u'ft'ater tli.in itn «liiiiiM'ter at the luiM*. I'lie nieiuMlcru) m 
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greatly flattened, and the entodermio wall of the coecum is composed of 
cuboidal deeply stainable cells. At a stage at which the length of the 
ceras is less than twice its greatest diameter (Fig. 10), a circular fold 
occurs in the distal third of the codcum, constricting the lumen. The 
cells of the distal compartment stain deeply, like those of the hepatio 
coBCum of the preceding stage. They do not at all resemble the un- 
stained cells of the ectoderm. 

At a stage only very slightly older than the preceding (Fig. 11), one 
finds the cells of the distal sao partly vacuolated and containing nema- 
tocysts. This distal sac can be traced forward into the oldest stages, 
and it becomes the cnidophore. Its lumen constantly retains its con- 
nection with that of the hepatio coecum through the communicating 
canaL A communication with the outside world at the apex of the 
ceras is established only at a later stage by a close approximation of the 
cnidophore to the apex of the ceras and a disintegration of the apical 
ectodermal cells. 

Herdman asserts in two or three places ('90, p. 52, and Herdman 
and Clubb, '89, p. 233, '92, p. 552), that the cnidophores arise by an 
invagination of the ectoderm on the apex of the ceras ; but although in 
his last paper he says he has '* shown " it in the earlier ones, I fail to 
find that he has offered the slightest evidence for his statement. It 
seemed indeed a priori more probable — from what we know of the 
origin of protective organs, and especially of the origin of nematocysts 
in the Cnidaria — that the cells of the cnidophore had an ectodermal 
origin. But they have not This is the conclusion to which I am forced 
by the following considerations. (1.) The development just outlined, 
which has been traced in a series so complete as to leave little chance 
for misinterpretation. (2.) The absence of an external opening until 
quite a late stage. Since the axis of the cnidophore does not in later 
stages coincide with that of the ceras, and since it is not easy to obtain 
sections which pass through the entire axis of the ceras, especial care 
must be exercised in determining the absence or presence of an apical 
opening. Figure 12 is a strictly axial section. The apical ectodermal 
cell shows signs of degeneration, and its outer surface is sunken in. 
(3.) The presence of nematocysts in those cells also which lie in the 
hepatic coDcum proximal to the constriction, and for which no one has 
maintained a derivation from an invagination of the apical ectoderm. 

The cells of the hepatic coecum, especially at a late stage, show large 
numbers of nematocysts of the two kinds mentioned by Herdman C^O). 
Ct Figures 14 and 15. That these nematocysts have been developed 
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im $iiUf and havo not roigratoil from the cuidophorc tlirough the 
municatiiig canul and become incHiqKirated into the '* he|Mitic "* celU» 
is indiciited by the fact that they arc found in diflferont stapw of de- 
velopment (Fig. 14, Hi*cy/). One finds fint of all small ovoid areaa, 
which stain deeply ; later, one finds an elongated deeply staining ceiitrmi 
streak, while the rest of the vutticle remains colorless. This ceiitrml 
strcuk is the proximal fmrt of ihe tliread. In some ciuies I havo seen in 
the **he|)atic" cells the larger kind uf nematocyst mentioned by AldtT 
and Hancock (*55, Llxpl. Fani. 3, Plates 7 and 8, Fig. IG); in fact, 
they seem to occur quite as abundantly here as in the cnidophore. 

( om|Miring the origin of uematucyKts in the .KoHdw and Hydra, — fur 
a knowledge of which in the latter group we are indebteil among others 
to K. C. Schneider (*9(», pp. 332, 34r»). — the must striking dilfert'iico m 
tliat the nettle cafmules in Hydra arii«e in ttie ectoderm only (ht* it la 
mamtained), and that thi»Ne which do iMTcur in the entodenn havo not 
been fonnnl there, but have been tU>voiired. In /Kolis, similar cafmnlftt 
arise in diverticula of the alimentary tnict, and therefore fn>m entuclerm. 
Secondly, the nettling ca|Mnles of Hydra are fonned in indiffen-nt cells 
lying at the Uise of the ectcNlerm ; in .1*l4ilis they are priHluccd in the 
large **he|iatic" cells. Finally, in Hydra only one nenmtocyMt is f(»rnicH| 
in a single cell, and this cnnies to (M*<'upy nearly the wh(»le tif it , lu 
AaiMh sevend ni*mat4M*yHts (Figs, l.'t, 14) an* prtnluced in a single ct- II. 

Thin conip:iriMin niiHi*H the (pieHtion whether the mi callinl hejiatio ru> 
runi iH pro|NTly iianMMl,— whether its ceiU have either the function uf 
stnhiii; up n^MTve Htutl or of secreting dip'Htive tliiidit. To thin (pifHtion 
I can give no tiiinl iin>Her, but it is worthy of note that the ** be|intic ** 
Ci'lU fif .KnliH do foiitHiii iiunieroiiH hiiiuII granules which stain fle4*|d%* in 
h.i-inntoxvliii. TIhh \h true even fi»r the cells which prinluie nenmtiM-^nta 
(Fi:^'H. 1 I, ir»). \ i'fiii|»:iriN4»ii with MH-tions of the ht^fiatic cava of Iit»tii 
C€iroii:it;t tn-nti-«l in the K.inie way mIiows, however, that the 'Mieinitie" 
C«-1U ff .K"lii iiri> fiiiiHller and cnntniii Kumllir ^'nuiiileH than du th^^w* 
of I>tit«*. in wlihli ^eiiuN, fif rniirM', ii<i nettling urgaim are foriiit««|. 
Fri'iii their hiiialler m/e, and the HiimlliT Hi/e of the cuntaine<l graniilt^ 
(Hlnther tlii*»«- are htnii-.l f.HMl ntutrnr katalN»li«' priKluct), I am uicIiiunI 
to re;:;ird the liu)>Hti>' fniii'tioii «»f the relU furtiiini; the wall iif the Cii*ciiDi 

(»f y.-A.% 11*1 li •«•« liii|->rt:uit th:ui ill \i**t*K 

Thi* hiiiii t* t.il *'f \\,<' Ik !:..it'<-\ HtM ill the heiatic ciiviim of aiiv <*«*n%j« 

m llfi< h ;'r< :i*i r tli«!i ;ii tin- ciii')<>|i||i>n'. Hn |ihv.Hl<*|4i;^|i|il )r|^)ill|ili% tb« 
IiKi-r ttiiii .- ill l,"l.n upi'li- able tu tlic ciitiic Ciiciiiii, luid hut inotfi%* 
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After having found that the cerata arose in close connection with pre- 
ceding ones of the same transverse rows, and therefore ultimately in 
close connection with the first or dorsalmost ceras of each row, it seemed 
desirable to determine the origin of the dorsalmost longitudinal series of 
cerata, and of the origin of new transverse rows. Sagittal, or slightly in- 
clined longitudinal, and also frontal sections of young specimens gave the 
desired information. Figure 16 represents a longitudinal section which 
is not strictly sagittal, the upper edge of the section plane having been 
tilted about 30° towards the riglit so as to pass at the same time through 
the alimentary tract and the dorsal series of cerata, — the only series 
as yet developed on that side. From the drawing it is clear that the 
alimentary tract sends off diverticula, which pass directly into the first 
cerata of each transverse row. Behind the most posterior ceras the 
mesenchyme is thickened ovtr tl^ alimentary tract, which runs to the 
posterior end of the body. In a section a little removed from this 
(Fig. 17, II.), one sees the beginning of another papilla behind number 
III. of the series represented, — the foundation of another transverse 
row. The ectoderm has already begun to fold upwards, and the alimen- 
tary tract sends out a prominent pocket. 

Of very great importance is the fact that just behind the Anlage of the 
ceras the testis is arising, so that the mesenchyme which seems to take 
the initiative in the formation of the ceras gives rise also to the sexual 
cells. Moreover, the two cell masses arise close together, and indeed iu 
a definite relation to each other. As is clear from an inspection of 
Figure 16, the sexual glands — ovary and testis — lie between the trans- 
verse planes occupied by the cerata, and in each mass the ovary lies in 
front of the testis, so that successive transverse sections cut from the 
head backwards pass in order through a transverse row of cerata, through 
an ovarian mass, and through a testicular mass. This succession is, 
liowever, not that in which the Anlagen of the three organs have been 
established out of the mesenchyme of the tail end ; for, as Figure 17 in- 
dicates, new sexual ceUs arise before the ceras which lies in front of them 
begins to appear. 

The oblique (nearly frontal) section. Figure 18, shows the same relation 
of the sexual glands and the cerata. A reconstruction of the series shows 
that diverticula arise from the parts of the alimentary tract indicated by 
the designations cer. I., II., HI., and IV. These diverticula correspond 
in position to transverse rows of cerata. The same reconstruction shows 
that l>etween these diverticula ovary and testis follow in the way just 
described. At the extreme tail end the section passes obliquely through 
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the glands of the foot, then through tho mass of indiflerent mesenchjint 
which lies under tho dorsal ectoderm at 3|c. Just in front (IV. g ) aexoal 
cells are being cut off from the mesenchyme as a paired mass whose two 
lobes are united in the median plane. 

I have above assumed, somewhat gratuitously, that the meaenchjme 
takes the initiative in ceras production. The evidence for this lica m 
two facts. (1.) Tho first indication of the formation of the new oerM 
is seen in the thickening of the mesenchyme at the base of the next 
older ceras (Fig. 5). It is not until afler a solid mass of meaenchyma- 
tous cells is produced that the ectoderm begins to evaginate, almost as 
though pressed outwards (Fig. 6). The alimentary diverticulum ia pro- 
duced Btill later (Fig. 7). (2.) That the ocDcum does not take the ini- 
tiative is indicated by the fact that I have found young cerata composed 
only of ectoderm and a thickened mesenchymatous core, the eotodena 
not having yet penetrated into it 

The capacity possessed by Nudibranchs of regenerating the oerata is 
well known. 1 have not experimenter! with tliem, and have no m-ctuitia 
of stagcfi in the process. The known phenomena of regeneration in other 
cases makt*s it prolwble that the capacity for regeneration dejienda upoa 
the eiisteuce of embryonic tissue. We should therefore exjiect to find 
thickcnc<l, embr}'onic niesenchynie lying at the base of the dorsal |iapill«. 
As a matter of fact wc do find it, as is shown in Figure 16 nt the liusc of 
conita II and III. (sfc). The nieiuMichyme at the Imiho and in fn»nt <if 
ceras I. was toni awny in Hci*tif>ning ; in a4jacent sections tlio 
mesenchyme apjjears thickened here also. 



Ttie foregoing study of the development of the rorata of ^fiolis pninta 
emithatically tf> one conclusion, namely, tho embryonic or gniwth tissue 
of .l'lii»Iiii IS \\\ its origin identicnl with thut pnMlurin^ sexual cells. I«ike 
till* latt«*r, it iM ^iTUi tiHiiii«* ; it ditFcni fmni the itexiiiil cells chiefly in this, 
thfit It )*\\vn rifM? til uniwtliN coiiHtitutin^ |Nirt of the InMly of the present 
ihdividiml, — ^miith*! wliirh nn* nn nii>rtal as any other \wrt of the ftrvs- 
riit ihiliviiliiiil ; nhiTi'HA ili«> M*\iiitl vvWn play no |»iirt in the pnKliirtiot* of 
the |>n'«<'iit iii«li\i iuffcl, I'lit i*v<*ntuiilly uivi* riHc* to a iii*w individual simI 
il« )**f\\\ ti«*iii'. It ilitri-rn, M'cotiilly. fri»iii the M^xniil ivlU in thin, that it 
kM\<'« riw ti> "tti imihI of <>r;;f%ii «>hlv, - tin* iiirMMH'liviiie to th** inftionrhvaie 
of Iho IfUiU, I Ik- viitiNivriiml divvrlicnluni to the entoderm of the buda. 
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The mesenchymatotiB growth tissue of iEolis resembles the sexual cells, 
however, in this, that while it goes to produce the mesenchyme of any 
ceras, a, not all of it is used up in forming the mesenchyme of ceras a, 
but some of it remains behind to form a new ceras, 5, and the Anlagen 
of other new cerata. Thus, as in any young indiyidual we may distin- 
guish between the differentiated tissue and the germ tissue from which 
new individuals will arise, so in any ceras we may distinguish between 
the differentiated tissue and the embryonic tissue from which new cerata 
will arise. 

While, however, the sexual cells have the capacity of reproducing new 
individuals indefinitely, the mesenchyme at the base of the cerata does, 
as a matter of fact, produce only a limited number of cerata. Of this 
limitation there are, however, all degrees. In some cases, as in Doto, 
only one ceras is produced in a transverse row ; in some species of iEolis, 
on the other hand, young cerata are produced, even in adult individuals, 
at the ventral end of the long transverse rows, so that here the growth is 
apparently limited only by the duration of life of the individual In all 
cases the limitation in the reproduction of cerata must be considered as 
resulting, not from the limited capacity of reproduction of the embryonic 
tissue, but from the needs of the species. 



Cambbidoe, December 20, 1892. 
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4 OuChm* of alimentary trsrt «»f it^tlis. c<ipied (him Alder and llanciM'k. show- 

mg gastric iliveriicula and fioints of coonection of hepatic nrra 
fr-M. Four viTiical sirCmns throiiich different stages in the devrlopnirnt ai the 

«*erala. 
/> First stage in furmaiidn of ceras. Mesenchyme thic*kene<l at MiVAf 

Kight siiie X 4(».» 
A Sectind stagv in f«irniatinn of ceras. Mesenchyme thickened still f unSce 

tU-toderni lN*giniiing to evaginate in the axis. I^eft si«k*. • MA 

7 Tliinl stage in funnation of ceras. (lastric diverticulum beginning to owt 
liild to form hepatic orcum of new i*eras. lA»fl side. X £SH. 

8 Fourth stage in formation of ceras. Uight side. X '<fiM> 
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lltlU. 



Kit* (^11. TliriH' ilap't In tliv tlcTelopmcnt n( ilu* rrrata. Vcrtii*al M^ctmna 

** 12 I«(iiii;i|ii«Iiiia1 Mfium of reras Juit lK>fort> furniatioii of vitrmal o|H*ninf of 

riiii|<i|ihiiri> X I'.l) 
l.'t. Trantvi-rar •ntiiiii of ailiill i'ni«l<t)>h<in>. *lii>«iii|; n<inatiM\Ttt« X li^'* 
14. Iltt (tf lri«ii««ir«4* •ictmii of lu'imtir rircuiii. ilifiwin)( fully fiirni««l an I 

i)r« i*l<>|iitii; ti«-fiiiiiM'viit« in hcpaiM* I i-ll« '• -lo'i. 
ITi Mil tif ir«ti««i'r*i' ■(vliiiii of li« palic ni'ciini. »tinwinK lar|{r hrriiatiiph*irr 

' Ifl I^intfiludinil Ni'i'uM of yiiiintf «9>*iili«, imlinixl ntMiut rVl^ fnHii Trrf>\*a! 
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17 Fnlarirtnl tii>» ••( tin- |f i«trri'ir ut t)ii< two rrnitini marlcptl liy aatrntk* m 
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niiaiMJfriti ■■•iiii* iif winch ii aUmi to furtn llmC tif cht* v"'"»S***t *"' *■ 
t* r«*- riiv« III I •iiiiii< III ifivi* riBi' t<> nfxuil i-i-lU, f* • •11*^ 
" 1** I^itiL'itiHit' il >•■« t <n i>f >i>tiiiK .V.iili*. <Milii|ii«> ill fri*ril. Ill iir!« fri-i'a; 
In tun I s|„iw ]ii^» n fHttiti*n ••( «c\iiaI nr^'niit niiil thnr ri lalittn u* 
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VI. 

Preliminary Descriptions of New Species of Crustacea,^ By Walter 

Faxon. 



Order PODOPHTHALMIA. 
Suborder DECAPODA. 

Family MATTDa. 

Euprognatha grannlata. sp. nor. 

Carapace coarsely granulate ; two erect blunt spines in median line of cara- 
pace, one on the gastric, the other on the cardiac area ; a transverse row of four 
or five small tubercles in front of the gastric spine ; a spine near the middle of 
each branchial area, with a smaller lateral spine below and a little in advance 
of it ; the hepatic area bears a short blunt spine on its most prominent part ; 
there arc, besides, three or four prominent tubercles on the angle which diWdes 
the hepatic and pterygostomian regions. The antennary spine is very long, 
reaching beyond the rostral horns ; the three horns of the rostrum (interan- 
tennulary and lateral) are about equal in length ; the supra-orbital spines are 
well developed, and, like the antennary and three rostral spines, are conspicu- 

1 Figures of all the species described in this paper will appear in the final report, 
whose publication is deferred pending the preparation of the lithographic plates. 
A record of the stations occupied by the *' Albatross " during her cruise of 1891 
will be found in Bull. Mus. Comp. Zoul., Vol. XXIIL No. 1, pp. 4-a 

VOL. xziT. — mo, 7. 1 
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ourily f^nulated. The pojit-orliital spinp« arc even more coarsely tnbeinilitaA. 
Whfii viifwcd from above their iimr^puH upjienr laciniated. Surface uf mhd^ 
men thir.kly act with InuuMike tubercleii ; the tint noKiueiit beam a pffViminrBi 
f^niuulutiHl H|iiiif, 1111(1 theiv iit u rudiiiiviitary Hpiiie on each of the thnre fuUuv- 
ii'K M'^iueiitK. Chela Hluiidur, coveitMl with Hiiiall tuberclm ; the reniaiaiBX 
Hc^'iiietitM nf the cheli|MHl ami the ambulatory a|»|H*uilagei are furuiabeil vitji 
hiuall H|iiii(*M, tiibercleM, and HCattvriMl curled setc. 

lAMi^h of (*ara[Hice, 7 mm. ; breadth, 6 mm. 

SUtiun 3aCU. 52 fathoms. 2 femalen. 

Anamathia oooidelitaliSy •v- nor. 

(*ani]iju:(' pyrifnnn, furniNhtnl with i^pincM and tulN*n*leM whirh an* arrarifiMl 
tin fnlliiWH : four on the f^antric region (two in the median line, twn lAlc-rii) : 
the |Mmtmor nK.*<liiin \iw the fonn of a tii1iiTi*li% from whirh a lnw tdiini krrl 
run^ iMt'k to the ninliac n-^^ion ; one on the eanliae re^'ion, one (culH-rr!r) .id 
th(* intestinal r<*^'ioti, on** on each he|iati4- n-^inn, tivi* on cai-h Imiiiehial r*vi'<a- 
Of till' bnnuhial >«pint'N the one near the niiildle pn»J4rljt upwani and furiiari. 
th«* lonp'i«t npine of the nim|Mu:e, one hidf an Ion;; an the riMtnil honi«. In ai- 
dition to them* Hpinen and tnlN-n-lert then* an* four or five Hmall tulM-n-Ira .« 
thi* f>nter Inmler of the ptery^iMomian n'^^ion. Kowtruni pnMlueMi int«> t« i 
iliver^'rnt awl-ftha]Nil horn:*, whi<'h are nion* than one fuuith the len^h nf ;i« 
i-ar.i|ijii'i'. I'n'-orbital npini"* m'Ute, |Nmt*orbital pnti'e)MM>!« id»tnH«*. t*hrlt]*^t* 
t«ti*e art liin^ an the caniimee, not niiu'h nion* mbuMt than the aniltiiU:iinr 
IniilM; rhela litth' hmpT than the nienin, the luiKid ]iart eylindnoal. di*Lal 
|Kirt ;^'r.i<liiiilly wiilniin^ to the Imim? of the tiiip<rH ; tin^'m unnNith, ^li^hiiy 
iiiivfil, I<-H tliiin <>iii' h.iir art loii^ Jirt the Kimi! |Mirtiiin ; pn'hfn«ile r«l***^ 
ri'j^Ml.irly ihiit.iti', rl-itin^r thnMi^'hniil their length. The nieruM of m\\ ih^ 
li'l^'ii h:i- n ''lii.ili tillx-iiiiliir pri>je« tii>n at the distal end aUive, nii>4C pn'tiiirH-r.t 
• •h \n*' uiiti-rior y.nt. 'I'lic rjirpii'* nf the <'hi'li|NiU Iijim two Idw ri«lk;t->« un ih^ 
niiii-i f.ii •'. Alxli'iiH-n M'Ven-ji'inti-d. 

U n.;t)i of • .ir.ip.i' •• i^itiiiiiil the inMral horn^ I.*! mm. ; len^h uf n^ttral horn*. 
I'J iiiiii ; bfi .I'lth (•! i.iri|i.ii'e, .'{^ mm. 

.'^t.ill-*h ;i|n|. IJN.'i rillitiin*. 1 mule. 



MAIOPSIS. k'cn noT. 

( 'ir.ipi' i- ••iil-tri iii;rul.ir. .i« )>r<i.id a- loiiu*. ••piii«i«i> ; ntMnini pnHliiii'«l Ai:ti 
ri'>il\ Mit>i (\%ii ili\t-i/- lit linrii- uitli (III ih i-i-->*iii V lipitie upi'ii tlh'ir •••iVr 
ii i!, r.-. II.?- f-rl-M il -pi- 1 l.r-.il. r.\.-. xiiiil], i-\i-(.iU, *>h'iii|i-r. ntrirrd- 
1% .: :..-i !i.' T' ! ••jr.i. 1 ii/i-, \i illi .1 t-nw ml ii^]--' I. un ■•iiip]i-tf Ui<ii.i^«- 
ii; :-! I.I I'/'. ]i •.:i.>:i!, uitli tMn ili i p li-oiiM -. .iliii oiipr.l-'Hiilar ^ptiit^ 
l.j . ! ;..■ -:. r' I", lu •■ ^ii,' nt '■! iMi nt i \.i\ l.!...ii|, \%itlithr*i- pn*rii:rti r.*. 
»;':;.•• ti]. :. j; .i!.i<ji.>r tii.ki/:i. . tl.i. • liiiiu nt tin- .iiiti iiiui' Mlilely iK|«kr'Aloi 
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from the cavity of the orbit bj a broad process of the basal segment. Merus 
of outer maxillipeds notched at the antero-intemal angle. Legs of moderate 
length ; carpus of chelipeds elongated, not carinated ; chela elongated and 
slender, fingers canaliculate within, but not spoon-shaped at their tips, their 
prehenflile edges meeting throughout most of their length, not distinctly 
toothed ; ambulatory legs spinose. Abdomen (male) seven-jointed, terminal 
joint short and broad. 

This genus is proposed for the reception of an interesting Maioid dredged 
in 182 fathoms on the west coast of the Isthmus of Panama. It combines 
in one fonu characters of the genera Maia, Cyclomaiaj Paramithrax (subg. 
Leptomithrax)y and Schiaopkrys. In its general aspect it bears a close resem- 
blance to Maia^ and the likeness is enhanced by the small eyes and slender 
eyestolks, the elongated wrist and hand, and the short epistome. It differs 
from ^faia in ha\'ing a much broader carapace, a less deeply cloven rostrum, 
spinose legs, supra-ocular spines, and trenchantly in the exclusion of the an- 
tennal flagellum from the orbit by a process of the basal segment of the antenna. 
In the latter regard it agrees with the genus CydomaiOf the basal segment of the 
antenna being very broad, three-spined on its distal border, and giving off a 
process which separates the flagellum from the orbit by a wide interval ; it also 
agnHfS with Cyclomaia in having a short epistome, a short and broad terminal 
abdominal segment, and supra-ocular spines. It differs from Cyclomaia by 
having a subtriangular carapace, longer rostral spines, and a less abruptly 
declivous fi'ont. It is like Paramithrax and Schizophrys in the exclusion of 
the basal antennal segment from the orbit, but this segment is much broader 
than in these genera, and three-spined ; moreover, Maiopsis differs from Para- 
mithrax and Schizophrys in having a more broadly triangular carapace, supra- 
ocular spines, slenderer wrist and hand, less deeply deft rostrum, and spinose 
ambulatory legs. Like Schizophrys^ it has an accessory spine on each rostnil 
horn. In the shape of the carapace Maiopsit is intermediate between Maia 
and Cyclomaia. In the form of the fingers it stands between Maia and Para- 
mithrax on the one side, and Schizophrys and Cyclomaia on the other, as the 
fingers, though canaliculate within, are but slightly excavated at the tips. 
The synthetic character of the species upon which this genus is based suggests 
the propriety of ultimately extending the scope of the old genus Paramithrax 
so that it may embrace this form, together with Cyclomaia and Schizophrys, 

Maiopsis panamensiSy sp. nov. 

Dorsal surface of carapace thickly set with spines of various sizes and scat- 
tered hooked sets. The largest spines are distributed as follows : five on the 
gastric region, one on the genital, one on the cardiac, four on the intestinal, 
and alK)ut seven on each branchial region. Margin of carapace armed with 
twelve prominent spines, three of which are on the hepatic region. The ster- 
num b ornamented with small tubercles along each side of the abdomen. The 



152 BULLETIN OF THE 

tint abdominal aegment ia furniahed with a bidentate tubercle. Legs coremi 
with numerous apiny tuberclun ; the uieri armed with thiee or more pitmiinml 
ii|nneii at the difltal end. Chela long and slender, the tubercle* of the hanii 
smaller than on the other parts of the legs ; fingers nearly muooth. A dcrp 
pit at base of movable finger. 

Length fmm baite of rostnini to posterior nuugin of Gara|iace, 112 mm. : 
breadth, 113.& mm; length of rostrum, 2^ mm.; length uf nMlrul horns 
11 mm.; breadth between eyebrows, 3b mm.; length of chcliped» 156 

Stotion 3356. 182 fathoms. 1 male. 



Family PARTHENOPZD2. 

LambruB hassleri, sp. no?. 

This is the Pari fir cfiant repreM^ntative of Ijamhnu ptntrlaieni St imps. 
(/^ rfrrillii Smith) of the east ciNist of North America. It diffvni fn*m thr 
Utter Npecies as follows : the carafiai'e is bmwlcr in pnj|M)rtiitn to itM length ; 
till* branchial regions are more exiNindctl and infiatttl, the inflitiun eatendin^ 
farther in towanl the canliai*. an*ii so us to involw thi* obli«|iie row of umall 
tulN-n-leH; that is to say, this row of tiiU'n*leM, which in A. pnurtaUMii lim lf*v 
down in the fossa lM'tWft*n the branchial and ainiim* nyifuis, is iHi<«tnl up. m 
L, huiUri^ on the swell of the brunch iul rt*poii. The Hpinti« on the f^l^**^ of 
till* chrli|MMlM, nion*ov«'r, anr not laciniuti*«l to niich u dt'gree us in /.. fturtaUsw. 

I^'iik'th of u fcmuU* HiKi-imcn, 27 mm. ; breadth, including lateral trrtb. 
3>« iiini. 

St.itioii :i3r,s. m futht>niM. 1 fitiiule. 

•• :\\H. Ml " 1 male, 1 finmlf. 

Thill «|Nvii'i wiif> pri'ViiiUNly obiajiifil diirin^i; the vnyugi* of the " niL<««b*r ** at 
Mupliilt-im llay, LdWi-r (*alifiinii.i, Au>^u«t 14, 1h72. Tlit* ii]if« inirii* the a 
ol it.il hitl Were ttp]Miriiitly pirkcii up ilcml on the nhort'. 



Family CANCRZDJEL 

Xanthodos aulcatus, ip hut. 

< '.ir.ipu I' ^TAiiiiIiit*'*!. ^i:iiiul.ili<iii lir.uii-t <'ti tlif litwi'F «iirrii*r, atiil nr«r \h^ 
l->r*I« r^ tif till* ii|>|N r ^tiif.u'i'. I)ii|t|y iinpri-'-i-d jjpnixi-h «i'|iaritt«* !li»- ^A*\r\- 
fr«-Mitl:i> l>r-iiii III il r^ .'i-'ii-. aifl tli>- iiii-«->;/.i-fiir I'ruiii tin* hiti-tal ^.i<tri>' I ■)•-• 

'I !.• ^'r - \ • \\\.: }> I •iifiiiut- in t).> 111' 'ii.!!! iiiii- !•• tin- tr>-ii(, .iiit* i;< r!% t ■ tl.*- 

Iin .1-:;! 1 'i.i' ? ! .t -ii-'ll 'ii ! i:i • !■. l.iiitl tin- fii>li!.tl Iim:^:;. *i % 

l:i:.-. ; ■• /i ••-.•,%%{.. r. ii.< • ! i-ii i .i> li -;•!• .ih'itlii r ^'I'^'X ■■ itii.tiii:^' j'.ir .('!• I !■ i 
ll.i- '.;■;•• t inir,'.'. ■! ' • 'i.;'. It, ll.j- \i i\ th« m- .irt iniikul i-ff .» J».r f 
tr--: : tl .ki. I .1 I i.t ■! i-'i. .>!• !*t' 1 ii« hi>ii:.il inii^iti i- i.«-.trl\ -tri:/^.*. 
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finely denticulate, and separated from the orbital areolets by a groove. Antero- 
latend border of the carapace armed with four spines or teeth, £, N, T, S, of 
Dana's nomenclature, there being no tooth at the external orbital angle ; of 
these teeth the first is the smallest, the third the largest, and the second and 
fourth are of about equal size ; the margins of all the teeth are denticulate. 
The chelipeds are short and unsymmetrical ; the mexus is granulated on its 
outer face, spinulose on the upper edge, and grooved near the articulation with 
the carpus. The carpus is granulated on its outer side, and furnished with a 
median internal tooth. The meri of the ambulatory appendages are spinuloee 
along their upper edges. 

Length of carapace, 8 mm. ; breadth, 11 mm. 

Station 3355. 182 fathoms. 1 male, 1 female. 
*" 3391. 153 '* 1 male, 3 females. 



Fanopeus latus, sp. nov. 

Carapace broad, convex in antero-posterior direction, granulated, especially 
on the hepatic, branchial, and cardiac regions; areolations well marked and 
protuberant. Front divided by a small median incision into two slightly con- 
vex lobes, whose edges are simple and not produced into teeth at the lateral 
angles. Antero-lateral margin cut into five teeth; post-orbital tooth small, 
separated from the second tooth by a shallow granulated sinus ; the third tooth 
is the broadest, and rounded off at the apex ; the fourth is the most salient, 
and acute ; the fifth is very small, and acute ; all the teeth have crenate or else 
spinulose margins. The margin of the orbit is minutely crenulate; its upper 
part is marked by two closed fissures ; the external hiatus of the orbit has the 
form of a triangular notch ; the lower margin is produced to form an obtuse 
tooth at the inner angle. The subhepatic region is granulous, but not pro- 
vided with a tubercle. The merus of the third pair of maxillipeds is also 
granuLited. The carpus of the chelipeds is rough with small tubercles, grooved 
along the distal margin of the outer side, and armed internally with a small 
blunt tooth ; the hands are robust, inflated, smooth except near their articu- 
lation with the carpus where scattering granules appear ; upper and lower mar- 
gins rounded; fingers long, down-curved, smooth, canaliculate, their cutting 
edges irregularly armed with small and rather sharp teeth, without any promi- 
nent basal tooth; when closed the fingers are separated by a slight gape, and 
their tips cross one another; the color of the fingers in alcoholic specimens is 
very light brown. The chels of the right and left sides are unequal in size, 
but similar in shape. The ambulatory appendages are setose, their merus 
joints furnished with small teeth along their upper edges. The seventh seg. 
meat of the sternum in the male is entirely concealed by the bane of the abdo- 
men. The coxn of the fifth pair of legs are in contact with the third abdominal 
segment. The penultimate segment of the abdomen has concave sides, the 
terminal segment is broad and rounded. 
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liength of canfMUte, 6.5 lum. ; bn*adth, 10.25 mm. 

Stiition 3397. 85 fkthonw. 1 nmle. 

In this upeoim the cara|Nu:e in Bhort, the posterior mar|on wider than lutial 
in the i^nuM. In ibi general aH|»ect it recalls P, janthi/armU A. M. Klw.; 
the men of the ambulatory If^n are denticulated on their U]i|»er nuuxiua aa in 
xanthi/ormiM, but in latm the carapace ia much broader and more convex in 
an axiiero-poi«terior iienM*, the fnmt iw leas prominent and destitute of lubea al 
the lateral angleii, the caq>al tooth is blunt, etc. 



Panopeus tanneri, tp. noT. 

(*arapare moderately c(>iiv<*z both length wine and tmnRvrrw'ly, Rmncith and 
|M>lij«he4l in the central and |HiHterior part, coarni'ly granular on the antrnikr 
ga^trii! ami hopatic n^gioni. The g]u*tno ami hi*|iatic aniut nrv well luorknl 
off by drpnttMiitUH. Fn>nt nearly vtraight, dividt-«l by a niitlian triangular 6»- 
Hurt', and proJ4*cting an a blunt t«M)th at each lut<*ral angle ; a di»ubli- i^pr la 
ftfrniMi by a gnnive which runt along the front, the lower nlgt* pnij««cting far- 
ther forwonl than thu up|M*r e«lge ; both up)K'r antl li>wer etlgi-a luv tiurlj 
granulate. The an ten>- lateral niar^'imt t»f the caraiMice art* cut into tnan^^lar 
teeth ; the fintt and iiecomi of tlicMu te«'th are nnmll, (MNilcrfced, cunnectMl l*y a 
•liallow Minun ; the thinl and fourth ara of ulNiut an ei(ual miv ; the Hfth u 
much fiUialler; all the Cti'tli are granuloim on their anterior lN»nIer, •niimih un 
IkNiterior bcjnler ; the depri'MHiiinx U-tween the tliinl and fourth aiitl the fourth 
ami tifth t«*eth are ntntinuetl in ai* fum»WM fur Minie distance on the cara|i«cr, 
finally uniting antl meeting the cervical fum>w. The up|K*r margin of the 
orliit fitrnii a ttMith ut the inniT un^le uUive ami outhide t»f the eztenial luar* 
gin:il tiHilh «if the ti«ilit ; tlnTi' in u t'lirM-d li-*un' near the miildlf i>f the •ii|a<>- 
rii'T itrliital iNihli-i ; the ezternal tio-un' i.^ a trian^'iilar notch; a blunt tti«>th at 
the innt-r aiiu'le <*f thn b»wrr margin. Then- it ni» fiublie|Nitii* tuU-nle. A 
tran«\t-r«e r<>w nf tiilii'n-l«*!« on the fhrnt itf the eyittt^dk (when vivwml rv- 
tntitiil wilhin the mliU) |u«l in-iile the rye. rhejipetlt unMninietriral ; rAr|>ii« 
•M|ii iiiiii>.ii-ruL;<>"<'« With a ^li;:ht tr.in«verM< gpHive, ami arnietl with a pruniiiitnt 
but n-'t vi-;y nharp itit«-ni.d timth ; prii|Miilii*t robunt, hii|NTii»r iNinliT rnutitlrvl 

and M|iiani* Iul«-p'ul.itr, initt-r r^urfiii i* i*ni<Mith, tiiigi-r« uf larg«-r chela ^pin^ 

ni*<\.iMi* Imu'-r arimil witli a blunt tiMiih at lu.%e ; ling'-r»* nf ^niidler cbi*U •I«-ii* 
ib-p-r, without iiriiriiini'ht terth ; lin;;ir« nf iMith hanilt bl.ick, h<Nikt^] at e&tmu- 
ilii'«, li|M ir*i«»iii^. Kt*M- iif uImIiiiih-ii i-ntinly covep» the i»ti*rnal «-gnirtit« ; 
|N iiiiltiMi ttf «• /111! lit «>f alHl<'iii«-ii iihi>rt, ]Mi»tii!iir an<^li-<i prolon^'d Ivii'kwari ; 
U-t - pruii-iit -li'-rl. |M tit.iuoii.il. Ill ymiti:; >-|ni iiiii-n<< the granule^ of the car]iu« 
arpl |>i 'I-- !'i< .ii<- niiirt< niiiin i<<u« iiii>l -liirpt r |H<iiiti*il. 

I.«*i/tli t i!i|>i<-i-. (i.'J'i ihiii.; I'n.iilili. hi liiiii 

M.if: It ltt«'*i. y.\ t.itli>>ni-* •*• ni.ilf {'.\ .i>liili, :! \iiuii^'). 

a.*.*^ iAi •• i UJ-ilr. 



MUSEUM OF COMPARATIVE ZOOLOGY. 155 

Family PORTUMIDJEL 

Aohelous afflnisy sp. nov. 

Carapace moderately convex both longitudinally and transversely, the frontal 
region depressed, horizontal ; surface rugose, granular, and pubescent. Front 
not prominent, composed of four blunt teeth, not counting the internal angle \ 
of the orbit; the two teeth near the median line are equilaterally triangular, 
separated from one another by a triangular notch ; the next teeth on the outer 
side are separated from those within by a shallow sinus, and fall off almiptly 
on the outer side into a deep notch which separates the front from the inner 
orbital angle. The two middle teeth of the front are a trifle longer than the 
lateral teeth. The tooth formed by the projecting inner orbital angle does not 
attain the level of the frontal teeth; it is double, the orbital margin just out- 
side of it being slightly folded, raised, and projected forward so as to form 
a secondary tooth similar to that in A. spinimanvLS, but not so well marked. 
The antero-lateral margin of the carapace is nine-toothed, including the tooth 
at the outer orbital angle ; the posterior tooth is hardly larger than those in 
front of it ; the posterior margin of these teeth is convex. The anterior edge 
of the merus of the chelipeds is armed with five spines. The carpus has an 
internal and a snudler external spine. There is a spine on the propodus at the 
base at the point of articulation with the carpus, and another on the upper 
mai^in a little distance back of the articulation with the dactylus. The distal 
eilf^ of the merus of the fifth pair of legs is spinulose. 

Length, 25 mm.; breadth, 39 mm.; length of merus of chelipeds, 24 mm.; 
length of propodus, including digit, 33 mm. ; length of internal carpal spine, 
measured from distal margin of carpus, 8.3 nmi. 

Station 3379. 52 fathoms. 5 males, 4 females. 
" 3390. 56 " 1 male. 

A large number were also taken in the tow-net at the surface at the follow^ 
ing stations: Off Mala Point; Hydr. 2627; Kos. 3355, 3371, 3382, 3386, 
3398 ; 50 miles south of Guaymas. 

The specimens taken at the surface are small, and much darker in color than 
those that came up in the trawl, but show no structural differences. I take 
them to be the same species in the pelagic stage of its existence. 

This species is very closely related to Achdous depresnfrons Stimps., from the 
Atlantic side of the continent. Compared with A, depresnfrons it is broafler, 
and the curve formed by the front and the antero-lateral maigin of the carapace 
forms an arc with a longer radius; the lateral lobe of the front is broader; the 
tooth of the inner orbital angle is double, as above described ; the teeth of the 
antero-lateral margin have broader bases, and the anterior one at the outer 
orbital angle is not so prominent; the protuberances on the cardiac and bran- 
chial areas are less prominent; the internal carpal spine is shortiT, and the 
distal m<irgin of the merus of the fifth pair of legs is denticulate behind the 
articulation of the carpus. 
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Family CORXSTiDJa 

TRACHYCARCXNUS, gen. dot. 

CarapAoe pentagonal, lumlfratvly convex, lateral margin* long, nearly ■iraifsfat 
toothwl. Fmnt narrow, produced, thivo-tuotbcd. Orbits large, with furwAf^l 
aipect, imperfect, with two liiatUBeii above, one below, and one at the innrr 
angle ; lower wall formed chiefly by the cura|iace. Anterior margin of burcal 
cavity not distinctly defined, epiritomc short, ritlges of the endostome ilevrU 
opetl. Stenium Umg and rather narrow. Abthimeii nf male narMw and fivr- 
jointed, the tliinl, fourth, and fifth si^ments conMolidate«l. Kyestalks vrrr 
small, retnu*tile within the orbits. Antennulcs longitudinally folded. Thv 
antenna) lie in the inner hiatus of the orbit ; their basal M*gment is but 
slightly enbirginl, not tilling the biutus at the inner angle of the orbit, n^r 
attaining to the fmnt, HuWylindricul, unarmed^ iui|>erfectly fuse«l with tb«* 
caru|Nice ; the mrcoiid si'^^Mient is huiger and Mlenderur than the first, the thirl 
segment about eviuid Ut the HeC4>nd in length, but sleiidenT ; all theM* nrgnieitt* 
are funiif«he4l with long and connte set^u ; the wholu antenna is leM tbiin tini* 
half as long om the i'ani)Hii'i'. Tin* itohiuni of the outer maxilli|MHls in iinkltiinl 
at its ttnt4T«>-inteiiiiiI aii^'le ; t*H> nuTii!* of the wune ap|iendagc*s in nmnfled at 
the anten>-(Xtrniul aiiglf, ol>li(|Ufly trunmttil but not eniarginatetl ai thi> 
aiiten>-int«'nial aiigb', wht-n; it nrtii'ubaert with the foUowing M<^nii*nt. I^v« 
of ni«Hlinit«' b-n;;th. Right ami left cheli|K-<lN very une(|Uallv di*vrlii|*iil in tli«* 
mall*. hiM'tyli nf ambulatory legH Htvliforni, straight, nleuder, longt*r thati%« 
|i«-niiltininti* H«-^nifntj(. 

'Ill** |N'iitii;:i>iial -'haiH' of the rjinijMUv n^ralN th«* genu* TrtmrsiuM Whit^. 
Itiit 111 T'hioA'UM ihi* fiiiht i- ilivitlril by a niiflian iioti-h, tin* orbit i^ nni- h 
nn'n- <'«'tn{>l« h-, tlir ba-.il •x'^iiii'tit of tin' atitriina M'lnliii^ nlT an etti*nia] |ir«i 
ci*<»« ih.it «-«>iii|>Ii'ti Iv tilU th«* hiatus at the inner angb* of the orbit In tl.e 
Mrui tiirt' of thi- I'lliit ami aiiti'Uiin', iiiiil in thi* )*ha|N> of the mfniN i»f the «»iitrr 
nia\illi|Hils 7Vii«7(yi''trriiii4j in muih likr //y/x'^f/Ziinum Mien (/V//urv*it 

JttO| ). 

Trachycarcinus corallinus, sp. nov. 

C'arri|».i«'«' im*/iil.ir!v |N-iit:i::>iii:il. "I'llhi-il with a dark bn»wn pulir«rrnrr. atiil 
lir.iMii„' ll ttti'iifil tMl*!' nil"* iif iviirv «kliit«Mii-«4 arraii^iNl in grou|M, on fol|ii««: 
t«<f :tiitt n->r l.itf-nl .wA ••lii* |Mi.ttrhir iit«ili.iii, tin tin- ^i-trir n*gii>n: fi>ur, ili«- 
|H*-*-i III tu>i |>.iir«, •>ri f!i<- • ir<ii II- ii-.'i<iii; ti\i' i>r ••iv liii tMirh br.int'hial rv'Oiir. ; 
ar. I * ' . "f i ■!•►■• !i!i 'li ij-*-. "ii • .1- li lp|' ill'- Tf^'ii'M. Kii'h ;;r"U|» «'f tiilt r 1- % 
r* -•:.>' 1- • i:*- • I ivi ii 'f ii • 'til]']* \ iii-i] ii t-i-illi \ihiiHi' I ii»|i4 )i:ivf U-i ii w.-rti 
i! w*. * • .» !.••:. II )>\'Y. I'r -i.t trill ii!.iti-, ttp* iiii-«linn t*Hi(h twii't'^kn b-ii.; a« 
thi Ik'.rti. W.iII^ -f i!;. • rl;t T.rti.-I.' 'I wilhf-t'ir !ii-lh wiyirattil bv .!#■•:» 
buitu**-^ . tli«<M titili iin* a \'Tx il ir. incli.ui oiiiKTinr, ]NMt-iH'ulAr, an«l «ul»-> 
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ocular. Antero-lateral border of carapace armed with three prominent teeth; 
another minute tooth just back of the largest posterior lateral tooth. Eye- 
stalks slender; eyes small, unpigmented, with imperfectly faceted cornea. 
Cbelipeds asymmetrical in the male; in adults the larger claw is naked, 
smooth, and ivory-white, like the tubercles on the carapace ; the merus has a 
few small teeth along its upper margin, most of them near the two ends of the 
segment ; the upper margin of the carpus is armed with one strong tooth, and 
is denticulated along its whole length ; the propodus is short, the immovable 
finger bent down at an obtuse angle with the lower border of the palm ; the 
dactylus is furnished with small tubercles on its upper border ; both fingers 
are armed with large blunt teeth on their opposed edges. The smaller claw is 
slenderer than the large claw, and its fingers are proportionally longer. In the 
female both cbelipeds are of approximately equal size, and resemble both in size 
and shape the smaller cheliped of the male. The ambulatory limbs ore un- 
armed, but clod with coarse setie. 

Length of carapace, 26 mm. ; breadth, 27 mm. 

Station 335a 695 fathoms. 1 female. 

<' 3356. 546 '' 5 males, 4 females. 

" 3418. 660 •« 1 male. 



Family GECARCXNEDJEL 

Geoaroinus malpilensis. sp. nor. 

Carapace very broad and convex anteriorly, flattened and narrowed poste- 
riorly; surface microscopically granulated; antero-lateral margin rounded, 
not denticulated ; the median gastric furrow is well marked ; the furrow 
separating the gastric from the bronchial regions does not extend forward for 
enough to separate the gastric from the hepatic area ; the so called genital 
area is separated by a pronounced groove from the branchial and cardiac regions, 
but not from the gastric ; there is a deep indentation at the anterior extrem- 
ity of the lateral genital furrows; the furrows bounding the cardiac region on 
either side are moderately developed. Front deflexed at right angles to the 
axis of the body, deep, concave above the margin, margin not reflexed, granu- 
Lited. The merus of the outer maxillipeds is five-6ided, outer side convex, 
distal slightly notched, antero-intemal straight and parallel to the long axis of 
the body, forming an obtuse angle with the postero-intemal margin, which is 
slightly concave. Merus and carpus of cbelipeds devoid of spines or teeth. 
Dactylus of the ambulatory legs furnished with six rows of spines. 

Length, 55 mm. ; breadth, 76 mm. ; width of hind border of carapace, 19 mm. ; 
width of front, 11 mm.; depth of front, 7 mm. 

Malpelo Island, March 5. 1 male. 

This Rp*.'ciefl is very distinct from any previously described. Compared with 
the previoiuily known species from the Pacific cua:>t, it is nearest to G. quadratuM 
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De fUiiwnrp, but tho outline of iu carafiAce is very different ; in tbin reijaH it 
in iiiiiiilur t<» G. ruricola from the] eaAtcm coast. ^lureover, the front i» tiAt- 
rower, <l<*f|M*r, luid bent down at a Hhiir|>i*r an^le than in O. qwulratHs^ mhX the 
meniM of the outer maxilliiNHlH is very different in shujie from that of G, t/wyi' 
rotut or any other known npccies. 



Family PINHOTHBR TDJB. 

Pinnixa panamensU, sp. nov. 

Mole. — Carapace short and very broad, smooth and punctate for the nii«ftt 
port, K^iuiulatetl at the siiles. The lateral anxles form a prominent i*hi»ulili-r. 
bock of which the cara)iace diminifihi'S rapidly in width. A trnnNveriH* drpn-*- 
oiou involves the hiiidrr |Nirt of the pifttric and the fnn* jmrt of the ranliu*.* 
regions. This depreiwiiiii in iNmndtil behind by a rid^^* which extendii ai-n*w» 
the cara|Hi4-e bctwcvn the I»um*!( of the List fmir of thorui*ic ttp|iendnp.*s. iiuck 
of thiit rid({ti the aim]Mii*c in drth'ctetl ut un aii^le of uUiut forty-fivo dv;;rp«i«. 
Front tlepreiwaiU ilivide«l by a nutliiin ni>tch into two not pnmiinrnt hAm-n ; 
niar,{in Hvtoiie. The ch4-lii>e<lr« ure Ninall, with very robuht caq»UH and tutnd, 
destitute of Hptnex, but furni-«hf<l with Mniie avUv ali»n^ their edp*!«; rur^m^ 
MluamofH! on thr anterior ami Mi|)erior |Hirts of the outiT Mih*; pro|Miilu* lu-t 
brooiler thim the <-jtrpu<<, i'i»nipreHMr«I lalcndly; a row of tuU^n-h'^^ alon^ thr su- 
perior lN»nliT formn a Mirt of cn'Mt; a ]on;{ituiIinal n»w of M*tifrroui i«|iunii*u4 
tuliert'li-A ruiiH lfii;;th«i'4f of tht* hand from thi* proximal end, Ktoppiii^ nhiirt 
of thr Iki<m' I if till- imniiibjlc finpT; the hurfare U'twi^vn thin and the tlnr^ial 
rn-xt i<« thii-kly U^-t uiili tn)iiTi-lrN but 1h'1«iw it the Mirfafe i-* ahiiiMt itni«Hiih 
ib»wn tit II tiiw itf ttilN-rrl<'H wliirh riiii'« jdoii>; thi* inferior marijin; inini<i\alilf 
fin^rr otMU'tit, thf il.n (\|iiH <l>i-iii;; a^Miiiht it tliroU;sdi<>ut iti liMi^th; dart}lii« 
fumi-bril Hith loll;* Ml- 1 :i> III! thr u|i|ht uiari^in; no promiiirnt ti-«*th or tuUT- 
cb'ii on tbr nit: Hi;: %t\,:*' **{ ritiit-r tiii;:iT. Fin<t ami Mvnud ambuUtory lniil«« 
uf moil«-r;itr bii/ih. inMilv iKik***!, Hitli xlriiib-i aiul hlrai^'ht ilactyli; la«t tbn*v 
Bii;nii-iit<t tiiY<« !• iil.iti- ••II «ti|iiiiiir iiiap^iii. Tliir^l juiir vrry mui'h nil.ir^fi'^l ; 
thr nii-riM h.i« ii ••»ii\i-\ aittt li'ir liiiniir, .itii| !•* puIn-m-imiI on the anlrriifi tliir%l 
of thr up|>« r •*iiif.ii-«- : |Ht.iiri'ir m:ii;:in fliiiil>li', hpinulotr. Ki»urth ambulatory 
Ir^'^ vi-ry -MLdl. ii<*l rrai'liin^ U«yiiiiil tin- ili-lal rnd ot tlir nirru« of the tbml 
jsiir; up]>«r ourfiif •iihHith. l).ii-t\li fif ]H'iiu1tim:iir himI bi^t iNiir* of b%^ 

phort, iiriiti-. "» t .it .111 .ili.'lr with till' ppi|MHli -n ivt t«i fullii prrlirh^llr bo(ik«« 
Kiid jxii.t of .i^-i"ii.i II lipLidir tliiiii till* prri-fliii;; j<*iiit, M-nitrin-uI.ir. The* 
il.ii t\ ! !• 'f ih> • itii r ii..i\ill'|« ih .irti' iil.i1< ■< u ith tli«> pn<|MHliM n«'ar thr ili«c«tl 
rii I • : v.. Iiv. r. II.- i; It- 1- •■ !•> 'i liiiii. I<'iu' I'V In iiiiii. ]i|,i.|.|. 

Tl.i ' :.. !»;.•-:' i'. :i.- t!.il<.ll.i • it •] i •■ !<• fiifH- lii.'lil\ }hm1«)|i<i). thf 

tluli-^ :■• l* I :• . :. ■ * |' -im-:!!!- • «i, .iit>l lit*' .ip]H||ii.i^'i-. .ifi' liiurt- thicklv 
rl-<t'>.> i H ir*. 'li !.• :.-*:. I ■ ii i|> i- • . <l :t intii , 1>i«m<Ii1i. l;i iniii. 

l'.kit.iiii I, M ti Ii I J i III I • , (• !• Ill ill - K^i^'. 
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Family MATUTIDJ& 

Osachila lata, sp. no?. 

Carapace laterally expanded ; three low obtuse protuberances on the gastric 
region, one on the cardiac, three or four on the branchial. Front prominent, 
, biiobed, the lobes separated by a completely closed fissure. Antero-lateral 
margin of carapace sharp ; behind the point where the subhepatic ridge joins 
the margin, the margin is divided into five obscure lobes, each of which is 
denticulate. Merus of chelipeds tuberculous along the upper edge and outside 
of it ; carpus tuberculate externally, distal and superior margins produced to a 
cristiform tooth which continues back upon the carpus the crest on the superior 
bonier of the propodus ; propodus tuberculate on the outer face, superior bor^ 
der denticulate and cristate. Edges of ambulatory limbs sb'ghtly cristate, 
dactyli pubescent on distal portion. 

Length, 24.5 mm. ; breadth, 32 mm. 

Station 3427. 80 fathoms. 1 male. 

Family DORIPPZDJEL 

.ffithusa oiliatifrons, sp. nov. 

Carapace broader than long, branchial regions much inflated ; surface granu- 
lated on the branchial and cardiac regions, pubescent on the gastric region. 
Front and anterior part of the lateral border ornamented with long upturned 
cilia. Front between the orbits divided by a triangular median sinus and two 
slightly shallower lateral sinuses into four triangular teeth of equal length. 
Branchio-cardiac lines deeply impressed, meeting together in the median line 
in front of the heart. Eyes small, mounted on very short peduncles, just 
reaching, when extended, to the angles of the orbital sinuses. Chelipeds equal, 
small and slender ; chela smooth, not more robust than the carpus ; fingers 
longer than the palm, laterally compressed, curved inward, longitudinally 
grooved, thin prehensile edges straight and regularly denticulated. Ambu- 
latory appendages very long (the second longer than the first), naked and 
minutely granulated; propodus slightly shorter than the merus, compressed, 
grooved longitudinally on both the upper and lower faces ; dactyl us one half 
longer than the propodus, flattened, curved, grooved and ribbed longitudinally, 
its upper edge very sharp. Last two pairs of thoracic limbs densely clothed 
with setaa. Sternum rather coarsely granulated. Conspicuous red transverse 
bands adorn the chelipeds and first two pairs of ambulatory appendages. 
Length of a male (carapace), 26.5 mm. ; breadth, 29.5 mm. 
Station 3387. 2 1 fathoms. 

" 3389. 153 

*• 3391. 259 

" 3396. 127 " 
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^thusa pubesoens, sp. nor. 

Carapace a little broailer than long, densely pubescent; frontal marpcin 
ciliatMl ; canliac area open in frunt, the hranchio-canliac linea not meetinf? «»ii« 
another in the uieilian line; front foui^toothetl, the metlian teeth more wiilt-U\ 
but IvftH deeply, Heparated from each other than from the lateral ; the anit-rr^* 
lateral angles reach the level of the frontal teeth. Eyes as in the last deflchbc«l 
species {Ai. cUiat\fmn$). Chelipeds e(|U»l, small, with pultescent merun mnd 
naked carpus and hand ; fingers longer than palm, comprvsseil, cur^'nl, gnpin|{ 
at Iwse. Ambulatory up|)endage8 similar to those of Ai. cUiatifrvm^ but free 
from granuLititJU. Abdomen (of fvmale) very broad, pubescent. 

LengUi, 2tS mm.; breadth, 29 mm. 

Statiun 3:Mi7. UN) fathoms. 1 fumale. 

ThiH s|N'ci«« rem*mblcs «-£*. ciliatifraiu, but the nunlian notch of the front fumia 
a nitire o|M'n angle in A] pubf*Cftu, and the Hinun Hepiimting the fnmt from the 
exteniul orbital angle is not so di'e|>. The bmnt'hiiHcanliiic lines do not nit^i 
in front of the canliai: an*ji, an<l the canliiic ari'a ih not mi much sunken lirliiv 
the level of the branrhiid regions ; the brnnchiiil areoM, mt in-over, an* nut m« 
convex, nor in the canliac n*gion so uneven. The wh<ile Hurfact* in dvn^y 
}Milieiirent, and thv aliilomen of the female is nmcli bn>ader. The fint:»TN !■«» 
an* diffenMit, inHnmuch as they are M*|iiirate<l by i(uite an interval at liow. 
Tlie tipit ami siTtfud iNtirs of ambulatory limbs are imiN-rfvct in the mily 
s|NTinien at hand, but they an* very similar, tM far as they go, tu tin* o»m> 
S|Niiiiliii;; ap|M*ndag«ii of ,K, cUintiJrttnt, 

^K, puUsrrns may pnivt* to U* the full-gn>wn ntale of «f? into Rath bun. the 
di'M-ripti'ih of which has just apiieortil in Pnx\ l*. S. NaL Muj*., Vol. \ VI 
p. 2:»N l^'Ua. 

iEthuaina smithiana, vp. nov. 

In thin ii|K'ririi the rarii]uire t« lunp'r thiin brnjul, anil i^ not murb nar- 
piwiil .ifiti rioilv. Till' ffiiiit 14 four tiNitbiil, the middle |Niir of t«vtli larv«<. 
In ih^'-il ir. »•■] •unit til finin (ini* jiin»tlii-r by tx wu\v tri.iii;.'idiir oinu* Mhiili i% 
briii'br ihtii till- itiitriiiiitl.ir Milium; lMtw«>i-ti thf*M* ti-«-th the iiMrv'Hi !• Iwnt 
ildWii till It lie-«t« the r|il-tii|li:i In ]<iw ; tin* ltit«T.d ti*«'th of the fn>nt .irv 
npiiiifi'mi .iiht oliiirti r th;iii tlti* iiiiil<IIe ti-«tli. Tin* ^urliiii* <>f the f-.iri{i.i. ■• 
i« iloTlii'l Uitli .1 •h<>rt |i||1m -4 1 Ii>-i-, jiIhI ix li;:litly ;^'MIiI|Im||<i ; the br.llH bl>»- 
«-4pii.i> ,'i"'\*^ iir> y^*\\ tiiiikiil. Tl>«* )>«>*>tiiibital t^i'th an* i*piiiiftinii, .tiitl 
ill' \ j T :• I fir I- \ Ti-I !'.«■ • xfti-inttv "f till- ••tn.ill i'Vf*t,ilk*. The i'\i-» ar»* 
•III iV f !lii!i t! • ii*r>ji.:'\ ■! tip it I- -lull. li*. Tin* • In !i|»«-l* iin* fpi^i, 
Hi:. '^ I. iV> I -.1 in.. 1 i).> IIP i:i4 I \ liii'lr;- i), lilt- • .ii]i(i« "liott .-iti'l r>i'iii>if| 
tl.- '.. : ' ,f .' t'l . i! i:i 1- •■ ■' 'i !■■ {!ii )»• U lit till- I l)i-l I, • ■ 't II pr •■*«••• I. ]»r»-li- •.- 
*ji«- • !.■■■ -i i!j- .11.1 ii ! |-: •- ! 1- I Willi •li'»!ti- t tilth •'! till" r li'« TJi- 

ibu!.kt>>r} l*^-- .»r<- ii<.ii!\ tiaki-*!, (hi i«tiiiiil |*.iir innii- thmi (Min- the Irii^th 
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of the carapace, the dactylus longer than the propodus. The last two pain of 
legs terminate in short recurved claws, which are setose on the posterior edge. 
The sexes do not seem to differ in anj marked degree. 

Length of carapace (male), 9.3 mm.; breadth, 8 mm. 

Station 3370. 134 fathoms. 3 females. 
" 3380. 899 *' 2 males. 

This species is nearly related to ^. cAysticola Smith, but its carapace does 
not diminish so much in width anteriorly, the external frontal spines are less 
developed, the external orbital spine is much longer and brought forward so 
that the orbits face more to the front. From jE. cKalUngeri Mieis it differs in 
the greater development of the frontal and external orbital spines. 

Gsnnopolia tuberculata, sp. nov. 

Carapace very broad, subpentagonal, branchial regions swollen. Front four- 
toothed, the teeth blunt, separated from each other by narrow sinuses which 
arc rounded at the bottom ; the two middle teeth are longer than the lateral 
ones, and the median sinus is deeper than the two lateral. The antero-lateral 
margin of the carapace is four-toothed, counting the prominent tooth at the 
external angle of the orbit ; the posterior tooth of the series is the smallest. 
The upper margin of the orbit has three deep fissures defining two triangular 
teeth ; the lower margin of the orbit has two fissures enclosing a broad trun- 
cate tooth or lobe ; there is also a broad and prominent lobe just below the 
inner orbital angle ; above this lobe is a single tooth at the inner angle. The 
surface of the carapace is ornamented with granulated tubercles; the parts be- 
tween the tubercles are more finely granulated, and when viewed under a lens 
are found to be furnished with fine hairs. The chief tubercles are disposed as 
follows: one pair on the frontal region behind the margin; four in a transverse 
row on the anterior part of the gastric area, and five on the posterior part of the 
same area arranged thus : * • ; of these the posterior pair is the smallest ; four 
in a transverse line on the cardiac region and one median behind the transverse 
series; about six on each branchial area ; six just anterior to the straight pos- 
terior margin of the carapace (three on each side). There are three small 
tubercles on each eye-stalk near the mai)|;in of the cornea. The chclipeds are 
small, slender, equal ; the carpus tuberculose, the fingers as long as the hand 
proper, curved downward and inward, crossing at the tip, their prehensile 
e<lges finely denticulate in small specimens, nearly entire in lai^r ones. The 
second and third ambulatory limbs are very long, the second slightly longer 
than the third ; their merus joints are granulated and costate above, and armed 
with a prominent spine at the antero-distal angle and a smaller one each side 
at the |>oint of articulation with the carpus; this holds good of all three pairs 
of ambulatory appendages; the carpi are carinate on their anterior margin, 
with a vestige of a tooth at each end of the carina ; the anterior edge of the 
propodus is also carinate. The ambulatory legs are ornamented with trans- 
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renc iNmdn of roil, IhitH' of which crow the tncroii. The abdomen and ■Usmaai 
are (^nuhiUnl. 

Iicii^th, 13 mm. ; hnvwlth, 1ft mm. ; len^h of amlmlAtory li*;; of ftecontl 
pair, 34 mm. ; meruM of do., 0.3 mm. ; carpus, 5.6 mm. ; prupodua, 9 uiu. ; 
dactyhiH, 7.5 mm. 

Station 3355. 182 fathoms. 4 males, 1 female. 

Cifmifpolia zonuta Rathbun (Proc. U. S. Nat. Mus , XVI. 250, lft03\ latrlr 
described fiom the Uulf of Califoniia, 4<) fathoms, difTers from C. tuhrrruittia as 
follows. The cara]Hu:e is narruwer ami more (|uadran}{ular. The median lolvs 
of the front are small and inconspicuous, while the latoral lobes are Tenr brti»l 
and un* Mcimratctl fn»m the minlian loU*s by a slight, shallow notch. In C, r«* 
hrreulnta the fnur fn^ntal Inbes take on the fonn of prominent triangular trttk, 
clfurly seiMirutwl from each other by deep trian^^ular sinUNuit. Tht* atitrn»- 
laternl nmr>;in of the cara|iace is thnre-toothiil in C ^fui/«i, four-toot htxl in 
C' tuUrruitita. The tuU*rcli's near the {MMterior margin of the carap«cr ane 
more el(»n>OAted in the former species than in the bitter. The hand of ihr 
fonner in much bnuuler, and is armed with pnmiinent spiny tulM<rrIra 
Finally the men of the ambulatory h*^ are much shorter in C, zimatn, mn*\ apc 
armed at the dintal end with a blunt triati^'ular tfNtth, while in C. luhrmU.»ia 
this tfMith is transfonuMl into a b^ng shaq» spine, and a |iair of smaller apiiioa 
ia pnatcot, one on each side of the proximal end of the carpus. 

Family RANZNIDJB. 
Raninope fornioata. sp. nov. 

(^arnjian* %'ery roii%Tx from tide to nide, nnkiil, sni<M)th or nearly sii, panr- 
tate. Hi Nit rum urate, li^litly carinate, tlie rarina extending tuck wan I f^r a 
Hhurt diotuiin* nil the cumiKu-e. Su]N*riMr niar^'iii of orbit iirmral with thrtv 
ai-uti* tri'th, tlir M-fiiinl of Hliitb i-^ i'ur%'«^l forwuni ; the anterior tmiib i« -r|»- 
ar.it«il fri»ni tlir r«*f»truiM bv a d«T]» niuiide*! mhuh, from the MTond liMitb by au 
aiipiUr n<>t«li ; tlie tMrmid tiHith in hejianitinl fnmi the thinl by a nrarN 
litnik^bt iiitrfVid ; the thinl tfNitb liei* Minie dintaufe in front t»f the |t*Mt«'ri>*r 
entl ••f (he orbit. Wa^'k (»f tlie orbit tlifn* i<« a Nti-mi^ |inK'ur\'nl npiiir i>ii th«- 

niaf^Mli t.f tli*> rarii|>iiie. Kyf«ta)kn i'n|ii|iri'<uM<d, eiplJi) in len^'th tti mir half 
the wi>l!h III the ramfMi'e. S'Ciilul iM'^'iiiriit of the thinl ninxi)li|M^i <n|||ji1 t.» 
the thirl Joint, rpt^^il hy 11 pililtTiMiH line; thinl M«;;iiiriit noti heil at tbr an- 
trri»-iht« rii.i) iih^'lf. (*liiIi]NiI : iiii*ru'« uimriiiitl, niii*nH>i-i>|iirAlly HpiiuiMr al»i>\r, 
art'-i- Yh-] •« : -arptM niiiititfly nii^*i»Mi -|iiiiiiliiftf, tlie »u|MTiiir di«tal aii^le pn*» 

jo-iiii/ .i* a lili.ir]! (•'••til ; ]ir-<|i*Nliit lii^dit!) ni;: , ii)i)H-r uiiil biwer U*rtlrr^ 

lirir-.->r.«-), uninii><t. pi!!!..!! f\^*' irn .nil.iilv and iin ••i|.|.|.tiiii|.Iy tiNi;h<«l ; 
d I- ' \ ! .' ««:!K'iiit .i!i\ )■! ■!■. !■• i.t t-K'tli. 'I'lii- il.ii t \ III- lif thf riiirth \*>.\it "f 
b /• 1. 1 • I \i r \ I ■ !.\ • I II. *• rii i] U.|.|« r, tin ilin t\ lu- i>f tin* tiflh i* h'ti^, UAm-w « 
ai«>l «[M!i:liti .\l"l"nti n -itx-M , til*i>n ••l>tu«f at tin- t-nil. 

I^ti.'!}i 'f ■ .ir.i)>i< <-. IJ Hiin [ )>r*-.iilt)i. ^ (• mni 

Statl-li XUi'.l .'i:: (atht'lii*. 1 i»|ii^ inieh. 
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Family LITHODIDJB. 

Rhinolithodes oristatipes, ip. dot. 

The carapace is subtriangalar in outline, its surface devoid of sets, but 
covered with low squamiform tubercles ; the whole gastric area is raised into 
a conical prominence ; there is also a prominent crescentic rounded ridge on 
each branchial region, enclosing the cardiac area in a deep fossa open only 
behind. The rostrum is straight and conical, with a vertical plate projecting 
below from the proximal half down between the eyestalks; this pkte is 
toothed anteriorly but does not reach forward nearly to the tip of the rostrum. 
The antero-lateral margin of the carapace is five-toothed; the second, third, 
and fourth of these teeth give rise to long thread-like cilia. There is another 
tooth at the angle between the postero-lateral and posterior margins ; posterior 
margin straight The upper surface of the eyestalk is covered vdth small 
tubercles and a blunt spine projects over the cornea. The movable scale of the 
antenna is spiniform and bears two blunt spinules on the outer side and two 
smaller ones on the inner. The chelipeds are unequal (the right being the 
larger); coxa granulated, setose on the lower inside margin; lower margin of 
the merus armed with three or four blunt teeth, superior margin toothed, inter* 
nal distal border setose, external distal border forming a bilobed crest; outer 
face of carpus squamous, margins cristate, the internal crest expanded and cut 
into setiferous lobes ; propodus tuberculated without, smooth within, toothed 
and setose on superior margin; immobile finger, as well as the dactylus, exca- 
vated within, setose ; the larger claw has blunt teeth on the fingers, while the 
fingers of the smaller claw have nearly straight cutting edges. The ambula* 
tory appendages have cristiform anterior margins from the merus to the propo- 
dus inclusive ; the crest of the carpus is entire, but that of the merus is bilobed, 
of the propodus trilobed; the posterior margins of these appendages are den- 
tate and more or less setose, the dactyli are provided with curved acute black 
tips, and with pencils of hair especially on anterior mai^ns. The abdomen 
is indurated, with three rows of tuberculated plates. 

Length of carapace, 16.5 mm.; breadth, 16.5 mm. 

Station 3354. 322 fathoms. 1 male. 

I have seen neither specimen nor figure of the type of this genus, Rhinoli' 
thodei wosmuefukii Brandt, from the coast of Alaska, and the specimen above 
described possibly does not belong to the same genus. Brandt's generic 
diagnosis (Bull. Phys.-Math. Acad. Sci. St. P^tersbourg, VII. 174, 1849) 
appears to include specific as well as generic characters. The specimen above 
described conforms to Stimpton's diagnosis of the genus (Proc Acad. Nat Sci. 
Phila., 1858, p. 231): ''Abdomen scutis triseriatis obeessum. Antennarum 
aciculum margine spinosum. Pedes mediocres." 

VOL. XXIV. — HO. 7. 2 



164 BULLETIN OP THE 

Eohinooems diomedeaB, ip. dot. 

Carapace subpentagonal, gastric and branchial regions inflated, the whole 
■urface beset with tuWrcles which give rise to minute aetc. There u one 
rather more prominent tubercle in the deprefwion on each side of the gaitric 
area. RoMtrum short, three-spined ; one of the spinea is median and inferior, 
two are |>aired near the baae above; in one of the two specimens obtained the me- 
dian spine is toothed below. The antero-lateral margin of the carapace ia irreiTB* 
larly toothed. Eyestalks spinulose above, with one prominent spine ptttjaeltiig 
forwani over the cornea. The movable scale or spine of the antenna ia »pinii- 
loM on each side (four or five spines on each margin). The rocrus of the chrli|««l 
bears a spine on the inner side at the distal end; the carpus is smooth out»itle, 
the inner bonier expanded into a seven-toothed crest setose within, the c>ot«Y 
bonlfr straight, nakird, and keeled; the cheloo are of uncqiul size (the right 
being the larger), set<)He, spiny on the upper edge; fingers spoon-shaped within. 
setose and somewhat gnpitig. Ambulatory appendages: the meri are spin«Mr 
on their eilgtm; the anterior border of the caqms of the first pair is fumishciJ 
with a crest whose edge is even and entire; the pro|NMlns of the fimt pair is 
creste<l al(»ng the pnuinml half of its anterior Ixirder, while the distal half i> 
anned with two or three teeth ; the caqms and propixlus of the second an<l 
third |iaini are toc)the<l on the anterior margin, the pro]KMlus of the thinl pair i« 
alsfi toothed on the fMrnterior margin; all the si^gmcnts are hirsute, especially 
th(* dai'tyli. When the U>gM are clottcly folded agaiuMt the sides of the carspace 
a wide interval m left U>twe(»n the car]>i of the cheli{)ed and first pair of am- 
bulatory ap|»endag<<«i, )M>unded by the opposite crests of these segments, an«l 
forming a |NiiMiAg« for the ailmisnion of water to the gills. This oriflce is stmt* 
lar to that M*«'n in E. /nntminatus Stimjis., but it is not so fierfeetly formcil 
The a\H*x (»f the alMlonieti (in the fenmle) is tunieil to tlie right (most stnmgly 
in th<* Urgfr ftiMi-imen); the marginal plates are wanting on the left side; all 
the alMlnhiinul ap|M*ti<lagt*H exre|»ting the firxt are aborteii on the right aide. 

I>i*iigth, (M mm.; brvailth, 71 mm. 

Station Xl*^i. 4r»h futhoms. 1 female. 

Station .'i.1!M. fil 1 fathoms. 1 female oxHg. 

Ill thi* ii|Mvi«-« th«* 04 i< If of the antenna is spinous on the margins only, as 
ill A*, /(/raminatus Stim|»«. 

Paralomis aapera, sp no v. 

(\m|>ar«» pentAg«>nal, sa brosil s* long ; putrii*, cnnliac, and branchial reginna 

Well <lf(ine<I and pr-imnHnt ; whnlf mirfare of rarufwire and aUlomen thickly 
U <»• t ^it!» ]«.i|'ill.i* <»r tiilu'ti 1«-. tilth oiii« i.f \iliii h i-* frirjn'hil withacp>wn 
of otitf -!.!•. }!• tr.itii olftrt. itcli-tiiirilv tripartite, nniltiipiiKNM* A »haq> 
<l.itk ti||«.l •].itii' at the < \tt riiril <irt*itnl ati;;1f*, aiwit}i«T at ttte anten^latrrml 
nii.I« 't till • tri)i'«-, (Ui«l l*>ur or tivi-, irregularly arrangfd, on the nuu^in ul 
til*- l>r.oii hul rv^Kiu. 
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The dorsal face of the second abdominal segment consists of a single plate, 
undivided by longitudinal sutures, with a deep depression on each side of the 
middle. The following segments are unsymmetrical on the two sides of the 
unique type specimen (female), the abdomen being twisted to the right. The 
lateral margins of these segments are laciniated. 

Ejestalks spinolose above ; eyes very black, with downward aspect. Distal 
segment of antennule much longer than the antecedent segment, tuberculous 
above. Antennae of moderate length ; outer margin of first segment spinuloee ; 
second segment spinulose, and produced on the outer side to a long spine ^ 
movable acicle reaching to the distal end of the peduncle, spinose, the longer 
spines marginal, one spinule on the lower side and another on the upper side 
near the base; penultimate and ultimate s^;ments of peduncle bear small 
setiferous tubercles. Right cheliped more robust than its fellow, thickly beset 
with strong spines. Ambulatory 1^ long, robust, spinose like the chelipeds; 
their basal segments are wellnigh covered by the overlapping margin of the 
abdomen (in the female). 

Length of carapace, 113 mm.; length of rostrum, 9 mm.; breadth of cara- 
pace, 113 mm.; length of posterior ambulatory legs, 255 mm. ; menis, 68 mm.; 
carpus, 39 mm.; propodus, 72 mm.; dactylus, 56.5 mm. 

Station 3353. 695 fathoms. 1 female. 

This species, like the one next described, is much longer legged than P. gran- 
uloM ( Jacquinot), the type of the genus. In this regard it is more like the two 
*' Challenger** species described by Henderson. The specimen above described 
was infested with a huge FeUogeuter 36 mm. in breadth. 



Paralomis longipes* tp. nov. 

Male. — Carapace triangular; gastric, cardiac, and branchial regions well 
defined, protuberant ; the most prominent part of the cardiac area reaches a 
higher level than the branchial areas; whole surface of carapace thickly cov- 
ered with blunt papilla ; viewed under a lens each tubercle is seen to be en- 
circled with a ring of short, stiff setae ; one of the tubercles, situate in front of 
the centre of the gastric region, assumes a spiny form. Rostrum furnished with 
three prominent spines, one median and inferior, two lateral and superior ; the 
latter are not so long as the inferior spine ; there is, too, a spinule on the 
lower side of the inferior spine, and a still smaller one above, between the roots 
of the superior pair. There are two pairs of long spines on the anterior mai^gin 
of the carapace, one at the external orbital angles, the other at the antero-lateral 
angles of the carapace. There are also three or four prominent spines on the 
side of each branchial area. Eyestalks spinuloee above. Basal s^nent of the 
antenna armed with an external spine, the second segment with several spines, 
the most prominent of which is on the outer side ; acicle furnished with five 
prongs or spines, the largest median, the others lateral; flagellum much longer 
than the carapace. Cheliped of moderate size (the right one has been lost from 
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the only male specimen obtained), coxa tuberculate on the lower fiMe, tb* fol- 
lowing segments armed with strong spines, fingers excavated within, alighcly 
gaping, peniciUate, cutting edges entire. Ambulatory appendages \erj long, 
second and third pairs of about equal length and longer than the first pair; 
all of them armed, like the chelipeds, with spines; the spines tend iowud a 
regular arrangement in longitudinal rows, and the spaces between the spii 
are smooth and naked, i. e. nearly free from spinules, tubereles^ or 
Second segment of abdomen composed of a single calcified plate, marked bjr 
a deep hollow on each side of the middle ; the other segments of the abdomea 
are of a leathery, semi-uiembranaceous consistency, and are made op of Itrm 
longitudinal rows of plates, viz. one me<lian row, flanked by a row on each 
side, the latter in turn bounded externally by a marginal aeries ; whole sar» 
lace of abdomen vemicose. 

Length of carapace, including rostrum, 84 mm.; breadth, 78 mm.; breadth 
between the antero- lateral angles of carapace, 34 mm.; length of last anibol*» 
tory appendages, 242 mm. ; merus, 76 mm. ; carpus, 36 mm. ; propodos, 54 mm. ; 
dactylus, 47 mm. 

In the female the right chela is larger than the left, and the prehensile edges 
of the fingers are furnished with blunt teeth. The abdomen is asymmetricml« 
the ajwx turned to the right, the nmrginal plates absent from the left si<U*; the 
right side bears but one ovigerous appendage (the first). The abdomen nearly 
eonceals the basal segments of the thoracic legs, which in the male are almost 
entirely expfMUMl. 

Station 3371. 770 fathoms. I male, 1 fenudc ovig. 

The egg measures 2 mm. in diameter. 



Lithodos panamexuiis, ip. nov. 

Carapace subpyrtfonn, of aUmt (Mpial length and breadth; gastric and 
branch ial regions ver)* convex ; a dt?fp depression on each side at the anterior 
limit of thf tiiniichial anran, and another between the gastric and cardiac 
RiMitrum cylindrical, tirniiinating in three spines or teeth, one of which is 
dian, the othtr two Ut<*nil; a long horn, slightly upcurved, is given off from 
the lower »i<lf of the pro&iiiml end of the rostrum. The whole surface nf the 
eani|iat*«* i* rough with low wurty pn>tu)ierances ; the gaiitnc region bears two 
pairs of iipinc«, tht* anterior ]iair m^jmrutcsl by a gn'utvr int4*rval than the pew- 
terior |iair. Two »m«ll spimii on cm^li bninchial area^ and two on the inl«»- 
tinal rvgion. The orbit is boiindtil I'xtcnially by a prominent spine, and 
thert* are fiv«* morr npinen on the Interal Umler of the carafiacr, vis. one at the 
antrfo latrml iinu'h*. **ur on the he|Mitir rt*gi<Mi, snd three on the branchiaL 
|<r<ii«l«*4 th<-«e \\\vx\' i« a rti<liiiirti(Ary Intend <«pine near the anterior limit of th« 
brnti* hi.il r»v'«»»i. The |NHiii'n«»r inarK'in of the ramiuire U tu)>erculateil, mit 
•piiiiM4* Th<* thinl iMvnictit i>f the niitcnnuUr |M*«lutirle in «M|tial to the ftr^ 
segment in length, snd considerably long«*r than the second segment. 
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antennflD are about equal in length to the carapace without the rostrum ; the 
second segment is armed with a long and sharp external spine ; there is, more- 
over, on the antenna of the right side a movable thorn-like acicle equal in 
length to the last two segments of the peduncle together; the acicle is armed 
with a small tooth on the external margin midway between the base and the 
tip. There is no trace of an acicle on the left antenna. As the type specimen 
is the only one obtained, it is impossible to tell whether the acicle is normally 
present or absent The last segment of the peduncle is nearly twice as long as 
the penultimate segment. The chelipeds are furnished with scattered tuber- 
cles, a few of which assume a spiny form. The left cheliped is rather slen- 
derer than its fellow. The ambulatory 1^ are long and rather slender, their 
meri sparsely furnished above with tubercles, which tend to a spiny form on 
the anterior and posterior margins; at the distal end of the anterior margin 
of the meri there is a prominent spine-like tooth ; the carpi and propodi are 
armed with teeth, chiefly on the anterior margins ; the dactyli are equipped 
with four short spines (two superior and two lateral) near the proximal end. 
The abdominal segments (of the female) are roughened by low tubercles, and 
dentate on their margins. The lateral teeth of the marginal plates of the right 
side are drawn out into long spines. The teigal plate of the second abdominal 
segment is completely fused with the epimera, showing no trace of an in- 
tervening suture. The marginal (epistemal?) plates of this segment are 
bounded within by a distinct suture. 

Length of carapace, excluding rostrum, 79 mm. ; rostrum, 14 mm. ; breadth 
of carapace, 79.5 mm.; length of posterior pair of ambulatory legs, 193 mm.; 
merus, 58.5 mm.; carpus, 31 mm.; propodus, 54 mm.; dactylus, 33 mm. 

Station 3384. 458 fathoms. 1 female. 

This species finds its nearest relative in L, fniirmyi Henderson (Bep. Chal- 
lenger Anomura, p. 43, Plate IV.), from the distant Prince Edward Island in 
the Southern Ocean. The latter species differs from L. panamentis in having 
a much longer rostrum, which is forked at the end, a more oval and spiny cara- 
pace, shorter extemal.antennal spine, more spinoee legs, etc 



Family PAG1TRIDJB. 

Canoellus tanneri, sp. nov. 

Differs from 0. canalicuiatm (Herbet) in having a much shorter and broader 
abdomen, in the lobate character of the marginal crests of the first and second 
pairs of legs, in the pubescence of the thorax and abdomen, and in the short- 
ness of the antennie. From C. t%fpu» M. Edw., it is distinguished by having 
the anterior border of the carapace less deeply incised on either side of the ros- 
trum, and the telson squarely truncated posteriorly, not notched in the middle ; 
the coxs of the last pair of legs, too, present a very different shape, since they 
lack the prominent anterior lobe observable in C. <|fpii«. C parfaUi A. M. Edw. 
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et Bouv., compared with C, ianntri^ dUpIays longer eyesUlkR, while the thotix 
and abdomen are lens pubescent, and the coxal segiuenta of the potterior Irga 
much more protuberant. 

Length of carapace, 7 mm. ; breadth, 5 mm. ; length of ejettalk, 3 mm. 

Station 3368. 66 fathoms. 1 male. 

Found in a cavity in a piece of dead coral rock. 

The abdomen in the unic|ue type specimen is not quite symmetrical, bat 
may be an individual peculiarity resulting from the shape of the caTity in 
which the animal lived. 



Pylopagaros longimanus, sp. nor. 

Carapace smooth, naked, polished ; rostrum short, triangular, subacute, 
Tanced farther than the rounded lateral angles. Abdomen longer than orphalo> 
th rax. Kycstalks ec^ual in length to the first two segments of the antennulary 
peduncle. Ophthalmic segment uncovereil. Ophthalmic scales separated hy 
a conMiderable interval, triangular, their ti|M split in a horizontal plane so that 
they end in two acute tet*th, one above the other, the lower tooth the longrr. 
Last segment of antennulury jteduncle very long and slender (much lonper 
than the eye-stalk). Right cheli]>ecl of cnonnous size, much exceeding the 
whole iMxly in length ; the outer face of the nierus is nearly smooth, the lower 
and inner faci*N gnumlated ; carpus very largi*, M^ualling in length all the prfr> 
ceding M'gnicntii combiniNl, its surface gntuular, tht* granules assuming the f«>rm 
of umall Hpinulose tuUTcles on the dorsal face, which is liniiteti within by a 
Mw of InrgtT t4H*th. ('hi*la irregularly ovul, the external hide flattened to form 
an oiMTv'ular facet, which is thickly M't with gntnuU*M and nurrounded with a 
niuivin of (lctitirlti«. Left chi*li]Mil very HuiiiU, its m-griienti* more hairy than 
th«iM«' nf the ri;,'ht ; InimiI ]Nirt of pro]MMluH nhort anil tiwolleii, the finger* lonK, 
gaping nt the liaiic; the outer (»r upiHT fuaii tif the pro|Hjdus and dartylu« arv 
gmnulitiHl, and d«'tiiiitfly lM>uiiile«l by n line of rt*gulurly nrrangetl granule* «»ii 
the oiit«T iiitir>;iii of tli«< <liirtvlu<« and the inferior margin of the pn»|Miilu» ; Xht 
inniT or lowrr farr i»f thu dii-la in pietty free from gninules, but is funit»h4i'<«l 
mith nunii-riiut m-ta*, tliMM< nn the dartvIuH U-ing groujHMl in roniipicuou* tuftJi 
or |Mii« lU rinultini<(t«* |»air of tlionirif ap|H*n«lag«*f( almost |ierfiH*tly clH^Ult** 
it<« r.i-p n-^trK ti>«l to tht* diiitul )>art of the daw, brtmdf and (-oni|NNctl of many 
fowii of M*al«*4. 

Th«' l<v^ an* vrllowiiih. Uindi<<l An«l niottird with nil. 

I««ii;^'th of rani|>M-<*, lo nini.; «\i-*>talk, -I mm.; right rheli|)e«l, 34.5 mm. 
(m< TtM, *^ mm , i.irpti-. 11 mm.; pim|mm1ii'«. 1 i.h mm.; dattyltis 10 mm.). 

Ill \"Mi).'» r. •rii ill* r -|- > nutii* !ln- « In Iiim-^I- .nr xhoitiT in |tn»|N»rtton to iltt» 
|rfi/tli ■( liii lii-l\. II. I \\k' nil) I • l.i\% i- '•li"il«r. I>ii>.iilii. and of a nitir** iiv*** 
111 ••\.»1 f'»rm. \ p-ni.' ji. wIp*-*' r.it.i|ii<«- i- r»..'» mm. lon;». give* the fidlow- 
III/ litii« ti«i>>tti for till- ru'til <)i«ti|nd. t«>t.il liii^'th, !*•..") mm.; nieru*, 4.5 mm ; 
c«i|>i-. -*.'* mm ; |>io|-«lu«, 7 •'* mm ; <l.iit\lun, 4.0 mm 
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Station 3368. 66 fathoms. 5 males. 

Resembles P. ungtUatus (Studer), but readily distinguished from that species 
by the great size of the right cheliped, the irregularly oval outline of the right 
chela, the gi'eat length of the distal segment of the antennulaiy peduncle, etc. 

PylopafiTums afflnis, sp. noT. 

This species is nearly related to P. ungulatusy from which it differs in the 
following respects . the eyestalks are longer, and narrower at the distal end ; 
the external prolongation of the second segment of the antenna is longer and 
slenderer; the upper margin of the carpus of the right cheliped is armed with 
two or three spines, the largest of which is close to the anterior border ; the 
outer face of the carpus is smooth save where a light tubercular ridge runs 
along the middle. In P, ungulahu this face of the carpus is thickly covered 
with spinulose granules which assume laiger proportions and a uniserial ar- 
rangement on the superior and inferior margins. On extending the comparison 
to the large chela, further differences between the two species become appar- 
ent. In both species the external face is flat, covered with minute spinulose 
granules, and surrounded by a border of sharp spines ; but in P. affinis the 
marginal spines are larger and more irregular, and the flat opercular facet is not 
sharply defined at the proximal end by the regular arrangement of the marginal 
spines as in P. ungulatus ; instead, one finds the marginal series of spines 
broken down at this point, thus eff&cing any distinct limit between the oper- 
cular face of the chela and the articular surface which connects the propodus 
with the carpus. The inner or lower surface of the large chela is smooth in 
P. affinity granulated in P. ungulatus. The left cheliped is quite different in 
the two species : in P. affinis the several segments of which it is composed give 
rise to long setae, which give the appendage a very hairy appearance when 
contrasted with P. ungulatus ; the inferior border of the chela is conspicuously 
toothed, while in P. ungiUatus it is entire. The ambulatory legs are more 
hairy in the Pacific species than in P. ungiUatus^ and their carpal joints are 
not so distinctly dentate on the superior border. The rasps of th^ fqurth pair 
of legs are multiserial in both species. The telson is symmetrical, subcircular 
in outline, its posterior border convex and entire ; in P. ungulatus, the telson 
has a deep and wide posterior median notch. 

Length, about 12 mm. ; length of carapace, 4.6 mm. 

Station 3397. 85 fathoms. 1 male. 

There are three simple unpaired abdominal appendages on the left side, in 
the type specimen. The vasa deferentia are extruded from the base of the 
fifth legs on each 8i<le. They appear as slender threads, the one on the right 
side much longer than its fellow, and twisted into a small bunch. 
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Pylopaguros hirtiinanus, sp. dot. 

This species closely resembles P, nytaceui A. M. Edw. et Boay.,^ from the 
West Indiau seas. Compared with the type of P. ro$auui it presents the ful- 
lowing differences. The eyestalks ate a little slenderer, and together with tlie 
ophthalmic scales are separated by a wide interval in which the antennulca liew 
exposed Trom above. In P, roioceutt on the contrary, the ophthalmic stalks ami 
scales are closely approximated, concealing the antennulea beneath. The outer 
lace of the right chela is ornamented with conical tubercles, whoae bases are 
expanded into circular plates ; these plates are closely packed over the snrCaee 
of the chela, so that no interstices are left between them ; their borders are 
cut into a large number of minute radiating processes; on the basal half of 
the propodus the tubercles give rise to long sets, which render that part of 
the claw conspicuoiudy hirsute, in contrast with the distal part which is naknl ; 
furthenuore, on the distal half of the propodus, esfiecially on the concare rar- 
lace of the immovable finger, the tubercular processes tend to become obadeie, 
leaving only the basal circular radiate plate ; the bases of the conical tecUi 
along the outer margin of the hand and the movable finger are expanded at 
the base into flattened roundish surfaces with radiate margins ; these anrfi 
form a conspicuous outer bonier to the hand ; the inner face of the haml 
tnljertulated. In P, ro$aceu* the tubercles of the outer face of the chela 
encircletl by round^d granules much less numerous than the radiating puiDta 
in P. hirtimamis ; the tubercles are so loosely arranged that numerous inter- 
stices are api>arent between them ; the hairs on the basal half of the hand art 
not so well developed as in the Pacific species ; the whole outer imce of Um 
imnio%'able finger in strongly tulN*rrulute<l, the tc*eth of the lower margin atw 
not exiMin<hil into conHpiou(»iiJ« plates, and the inner face of the chela is nearly 
suKMiih. The carjms in P. hiitinutnus is amKnl with larger spines on iba 
internal margin, in more hairy, and more coarsely granulated on its inii«r, 
inf<*riur, and outer surfaces than it is in P. rtnaceus. T\ie left chela is com- 
|iarativtly smaller than in P. rtwacrui^ is more stnmgly tcM>thed along iha 
iiit<*mnl margin of th«* pro{NNluN and dactylun, and exhibits, besides, moiit ftf 
th(* aUivt* ii|N*cifie<l |N*<*uliantit*!t of tlu* right claw. The primary branch of tbe 
iiniiainil ulMh»minsl sp|N*iiiliig«*ii it hlmrtrr and broailer than in P. roMmu. TIm 
riMtp <»n thf pri>|MHluN of tht* fourth |»air of li^gs in uniMTial, as in P. ro§ae*uA, 

1^-ngth of rani|>aiv of l/tr>;«*nt malt*, 12 mm ; length of carapace in front of 
rc-rviiAl grtMtvt*. 7 nnii. , Im-oiltli m^roAs the branchial regions, 9.5 mm. ; le&Klii 
of l.ir,;«* ilnw, 1 1 nmi. ; brvnilth of large clow, 7 mm. 

St^tiMti 3.'M^>7. 1(M> f.itlt*iiui ^ iiialt'fl, 1 ft^niiihv 
XUj-^ M', •• Ti null, s r» frni.ilm 

A p"-! «l«'.il >»f thr >*A'>T !■« •111! pr«**«TviMl ill ul< tihnl. The lower surface of 
th«' I >« •lulk !•» '(Uil** a •1«»|» n.j, ulnl.' tin- u|»|Mr "urfajr iw a ]»ale yellow. Tlie 

* Mrtii Mus Cuiiip Z^d. .\1V Nu J. p U7. TUts VII Fig*. 10-17. \mX 



MUSEUM OF COBfPARATIVK ZOLOGY. 171 

merus and carpus of the chelipeds and all the segments of the ambulatory legs 
from the ischium to the dactylus inclusive are banded transveraely with bright 
red on a yellowish ground. 

Catapagurus diomedeeB, sp. nor. 

The carapace is smooth and naked, and divided into an anterior and pos- 
terior section by the cervical groove. The anterior margin projects slightly 
between the eyestalks, forming a blunt rudimentary rostrum. The gastric 
region is sharply defined, and presents an indistinct longitudinal furrow on 
each side of the median line ; it is lightly convex in both directions. The 
branchial regions of the right and left sides are strongly inflated and sharply 
separated from each other by a re-entrant angle formed by the curving for- 
ward of the posterior border of the carapace on each side of the median line. 

The eyestalks are rather long and slender, being about equal in length to 
the anterior section of the carapace. The ophthalmic scales are very small and 
minutely bifid at the tip. The third segment of the antennulary peduncle is 
about two thirds the length of the eyestalk, and increases in diameter from the 
base to the distal end ; the superior flagellum is rather longer than the distal 
segment of the peduncle, and its enlarged ciliated basal portion forms rather 
more than one third of its whole length. The inferior flagellum is about one 
half as long as the superior, and is composed of about eleven segments. The 
peduncle of the antenna surpasses the eyestalk by one half the length of its 
distal segment ; the acicle is long and slender, tipped with a few setae ; it 
reaches forward a little beyond the eye ; the flagellum reaches beyond the tips 
of the ambulatory legs. The chelipeds are nearly alike in shape and size ; 
their segments are clothed with long setae, which assume a tomentose appear- 
ance on the chelae ; the carpus is about equal in length to the chela, its inner 
face is perpendicular, the inner margin of the upper side is armed with seven 
small spines ; there is also a spine at the distal end of the superior margin of 
the carpus ; the chela is short and thick, the fingers about the same length as 
the basal portion of the propodus, slightly down-curved, meeting throughout 
their length, working horizontally. The ambulatory legs are of nearly equal 
length, surpassing the chelipeds, setose, the carpus armed with a sharp tooth at 
the distal end of its upper side ; the propodus is twice as long as the carpus, 
the dactylus is considerably longer than the propodus, and, like that segment, 
is distinctly curved ; it is tipped by a small homy nail. The fourth pair of 
legs is but slightly subcheliform ; the rasp is formed of a single row of scales. 
There are three small rudimentary appendages on the left side of the abdo- 
men ; the first and second of these are two-branched, the secondary branch 
being exceedingly minute. 

The sexual tube, which issues from the coxal segment of the last thoracic 
appendage of the right side, is very long in this species. 

Length of carapace, 5.5 mm. ; abdomen, 8 mm.; cheliped, 12.5 mm.; last 
ambulatory leg, 17.5 mm. ; ocular peduncle, 2.5 mm. 
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Station 3355. 182 fathoms. 1 male. 

This species differs much from the more typical species of 
C, tKarreri A. M. Edw. and C. gracilis Smith, in the shortness of its cl 
and ambulatory limbs, the symmetry of its chelipeds, and the length of tbc 
protruded vas deferens. It is more nearly related to C austraUs Hendersoo 
(Challenger Anomura, p. 76, Plate VIII. Fig. 1). It would seem to hmrr a 
close general likeness to Pagurodu pUifenu Henderson, but the gilla ta 
0. diomedea are of the phyllobranchiate type^ 



Spiropairurus oooidentalis, sp. dot. 

The campace is smooth and naked except on the sides of the branchud 
gions, where a few hairs arise; the branchial regions are swollen, membrmna- 
ceous, and covered with a network of white lines ; the cardiac region ia lung 
and narrow ; the portion of the carapace in front of the cervical groove ia cal- 
cified, pHxluced in the median line anteriorly to form a short, broad, and obci 
rostrum, which does not conceal the ophthalmic segment ; the lateral teeih 
acute, and project as far as the rostrum docs ; they form a sharp demarkatiun 
between Uie front and the oblique antero-lateral border of the carapace. 

The ophthalmic scales are triangular, with simple tips. The ocular pe<dancl«a 
are eiiUrged at the distal end, hardly overreaching the distal end of the accuod 
segment of the antennulary flogellum and the third segment of the animaarr 
flagellum. The last segment of the antennulary peduncle is more than twice 
aM long as the penultimate segment. The second segment of the *'»**»nnal pe- 
duncle IN ]>nMlu(!ed extenmlly into a long, shaqi tooth ; the antero-iotemal aagW 
i<4 likcviiM* anni**! with n Hnmll npiiii* ; the acicle is long, sharp, curved, and 
furniHh«*«l with «M*ta% u*« an* hIm) the m*virnil joinUt of the peduncle. 

Tlic i'licIi|HHU lire MulNi)tml, the right chfla Iwing Appreciably larger than tbe 
left ; the i^'liiuiii i*« iirnHil with alNuit five denticles along the internal margisi; 
the inner nmrgin of the nierun i*« arnuHl with the Hanie numlier of rather lafgvr 
tetth; the inner ninrvin of l»oth of thev* N^^nientu in funuMhed with long and 
ulen^lef Mto*; the Niirface of the rnrpn*% in nui^^'h with sc^tifenius niga^^ and ts 
ann*^l \iith M-attenil »<piniilii« uimmi it** up|N>r face and with a row of laj>:«r 
npine^ nlon^ the iiit«TnuI niaryiit *'f the up|M'r fiuM*. The external fare uf 
thf pnifMNluM in nrtueil witli npint*}* whirh art* regularly arratig«<d in five lungi- 
tti'iin.il row*; only nt the dinial en«l nf the pn»{>o(luM, at the )iai»e of the fin^r^ 
do th«*M> •*[»ine)t lo-H* tlieir n*gnlar M-rial arrangement; from the liases of ibrae 
»|iiti«^ ^prni;^' h'lU' **'tn'; the tinpp» an* acute, tuliercul(>-««pinciiie and set^ipe^ like 
th«' hunil. The tin^vr* of the lift )i.in*l ar\* longer in pn>|Nirtion to the i^m 
th.ui tii'.^ of th«- ri^'lit h umI. TIm .iiiii>(ilat<*ry Ic^"4 are rather nthuHt, and l«itig«»r 
tit III tl.> • '!>« Ii{M .{« ; tin II 1 it« r il oMi ia< « •> are HnnH*ih ; the up|t«'r msrgtii« «»f the 
c.\i\\ ii< .iitu>>l Miih .1 r>.M of littli opiiKH, ami the corre?i|Mindiitg uiar>;^ua uf 
the I'l 'I'-ii ir« «l«Miti< ul.it*«l ; \\\v •(.!• (vli .lie lunger than the pro|MMli, hiit n(4 
ftu l"ii^' xf tit<- |>f>|Niilun an<l «.ttpti'« conitiineil , the ant«'nor |Miir of aiubulAUjCT 
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I^ differs from the posterior pair in having the dactylos and propodus a little 
Hborter, and the lower edge of the merus more hairy and minutely spinulose. 
The telson is deeply cut by a broad median notch in its hind margin into two 
lobes, the left of which is the hunger. The margins of both lobes are spinose. 

There is (in the alcoholic specimens) a narrow red ring around both fingers 
near their tips* a broader band of the same color around the base of the fingers, 
and a red patch on the inner side of the anterior face of the hand. 

Length of carapace, 6.5 mm. ; greatest breadth of carapace, 6 mm. ; length of 
ocular peduncles, 2.3 mm. 

Station 3368. 66 fathoms. 1 male. 
" 3379. 62 " 1 male. 

This species, like S. iru A. M. Edw., is characterized by the spiny armature 
of the chelipeds. It differs from S, iris by having a smaller number of spines 
upon the anterior face of the chela, and in their arrangement in a few definite 
longitudinal rows, the surface between the rows being spineless and reticu- 
lated. The chela does not display the lively iridescence so striking in Milne 
Edwards's species, nor are the ophthalmic scales bidentate at the end. The 
merus of the third maxilliped is not armed vdth a distal spine, as in 5. iris. 



Paguristes feoundus, sp. nov. 

The anterior or gastric section of the carapace is smooth in the central and 
hinder ports, rugose near the front, and tuberculoee in the antero-lateral region, 
where a few of the tubercles assume a spiny form ; from the tubercular surface 
spring long slender sets. The anterior margin of the carapace is produced in 
the median line so as to form an acute triangular rostrum, which projects be- 
yond the subacute lateral processes ; between the rostrum and the lateral pro- 
cesses the anterior border is concave and thickened so as to form a rim. The 
anterior gastric lobes are clearly defined anteriorly. 

The ocular peduncles are long and cylindrical, reaching considerably beyond 
the antennal peduncle, but not quite so far as the antennulary peduncle. The 
ophthalmic scales are of moderate size and bidentate at the tip, the external tooth 
very minute. The antennal acicle reaches almost to the end of the peduncle ; 
it is setose, and armed with six spines, two of which form a terminal fork, 
th6 others being marginal. The external prolongation of the second antennal 
segment is narrow, setose, and minutely spinulose; there is, moreover, a 
spinule on the upper face of this segment behind the base of the acicle ; the 
antennal flagellum is very short (about equal in length to the anterior section 
of the carapace). The third pair of maxiUipeds are closely approximated at the 
base ; their menis joints are armed with three or four denticles on the lower 
niar^n, and one at the distal end of the upper margin. 

The chelipeds are short and of like size and shape ; the merus is smooth 
within, rugose without ; the two inferior margins are armed with minute 
black-tipped spinules. The carpus is tomentose and spinulose, the largest 
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■pines oceaning along the superior border; the hand is both ■ptnnloat aad 
pubescent, bnt the hair is less dense npon the fingers than opon tbm baaal 
portion of the hand« which is short and swollen below ; the fin^scn are 
short, excavated within, and terminate bluntly in a dark corneous naiL The 
ambulatory limbs are pubescent, particularly on the upper and lower mar- 
gins ; the distal end of the menu, and also the carpus, propodna, mnd dmt* 
tylus, are armed with numerous spines; the most prominent of these aptBss 
are arranged in a row along the upper border of the carpus and propodoa ; thm 
dactylus is about equal in length to the propodus and carpus together. Tlie legs 
of the fourth pair are furnished with long hairs on their upper mai^gia, and 
there are a few spines on the upper margin of the carpus ; the pfopodos m 
rather longer than the dactylus, and the rasping surface on its lower niArgia 
occupies two thirds of its length. The last pair of legs is much leaa hairy 
than the preceding pair; the rasping surface, which is truncate poAlrriurly, 
falls a little short of reaching the middle of the hand. The telson u clivtdc«l 
by a {Nur of lateral incisions and a median one into four lobes, those on the 
left side the larger ; the pair of terminal lobes are obscurely toothed on their 
margins. 

Length of carapace, 9.6 mm. ; breadth, 7 mm. ; length of ocular pedundcw 
4 mm. 

Station 3368. 66 fathoms. 8 females ovig. 

This R|>ecies is nearly related to P, /ynuini A. M. Edw. et Boqt.«> of th« 
West Indian region, and to P, tub[nIo$Hi Hend.,* of New Zealand. Prom thm 
funiHT it is dintinguished by the more prominent and acute rostrum wbkk 
overhang the ocular segment, by the smaller number of spines oo the 
ariihs and by the smmtun* of the telson, the margin of which is 
with oWun? t(*<*th, whilt* in P. /ym/int it is funiinhwl with nnmeroofi spii 
whiixf ti|M an* homy aiul dark colonil. From P. iubpilotuM it differs in bavinK 
fihortcr cycMtAlkii and ant(*niiAl acicle, fewer spines on the antennal acidcw a 
loii^'t-r Slid iiamiwer exti*nml prolongation of the second joint of the 
and a «lifTi*n*ntly f»ha|»i-d te]j«on. 

The oviiuu*a of l>oth ii|ii*ciiiienfi are large and filled with eggs. 



Family PORCBLLANZDJB. 

Petrolisthos agaasisii, tp. nov. 

In the %\uk\tc of th«* rAni|iO(-<* and th«* fnuit thifi sfwries bears a cIqm rrsnm. 
blatifv to Pftr'^itthrM a*iMii\n*>$%iM (tiihU***) and P, ocfidenUilU Stiropa., bat th« 
tr.iii-\»*p»f ri'lijf^ nn* iiiMrt- l<n>ki'ti atitt-riMrly, ^liilr j>»>*trriorly thry ntc&d 
%iith<<Mt iittirritptiiiii ai'r<*'««* th«* w)i>*li' wiiltli i>f (hr rani|uic«*, li«*in^ berv ii>«titv 
|mi rfi-« tl\ ili-viliiiM-il th.iit III th<- tw«i*|Mi ifN iilniVf iiniii«'«l. Th<* rjir]>u« an«| c1aw« 

1 M«m Mut (%'tnp /oi.l . XIV N«i \\ p A'.\, IMate IV. Kifs. 13-22. IWS. 
• CbaUcnger Aoumura. p. 77, l*Ut« VIII. Figt. 2, 2 a. Ib88. 



MUSEUM OF COMPAKATIVE ZOOLOGY. 175 

moreover, are longer and narrower ; the anterior margin of the carpus is three- 
toothed instead of five-toothed. The squames of the carpns and claw do not 
tend to widen out into ridges or folds either on the upper or lower face, hut 
preserve the form of close-set imbricated scales over the whole surface, includ- 
ing the space between the longitudinal depressions of the carpus and along the 
depressed line of the propodus. The form of the carpus approaches nearer 
to that of P. armattu (Gibbes), but the present species may be readily dis- 
tinguished from P. armatw by the prominent rugie of the carapace and the 
squames of the chelipeds. From P. edtoardsii (Sauss.) it is distinguished by its 
longer chelipeds, by the ridges of the hinder part of the carapace extending 
clear across the carapace without interruption, etc. The ridges of the frontal 
lobes are much more strongly developed in P. agtusizii than in any of the 
allied species. 

Carapace 5X6 mm.; cheliped, 34 mm. 

One male, taken with PetrolUthei occidmUUii Stimps. on the reef at Panama, 
at low tide, March 12. 



Paohyoheles panamensis, sp. nov. 

Carapace subcircular, of equal length and breadth ; upper surface flattened, 
granulate, and setose, especially on the gastric and anterior part of the branchial 
regions ; posterior portions of the branchial regions lightly rugose. Front broad, 
produced to a rounded median lobe, lateral portions straight, inner orbital 
angle rounded, not produced; outer orbital angle projecting as a triangular 
tooth between the eye and the base of the antenna. Lateral border of the 
carapace with a concavity behind the antenna ; the margin is slightly raised as 
a rim which is lost in one of the branchial rugs before reaching the hind border 
of the carapace ; hind border slightly concave. Chelipeds : unequal, the right 
being the lai^er ; upper surface of the merus rugose and setose, under surface 
smooth, internal distal angle produced as a denticulated tooth ; carpus short 
and broad, upper surface tuberculous and setose, internal border armed with 
a large tooth at the base, followed by one or two smaller teeth, lower sur- 
face smooth and naked ; upper surface of the propodus furnished with small 
tubercles which bear stiff bristles, inner margin rounded, not toothed, outer 
margin granulated, lower surface convex, naked and polished near the centre 
(where the surface is reticulated in the larger claw), squanioso-granular and 
setose near the edges; fingers gaping, crossing at tips, toothless on both the 
inner and outer margins (or at most^ighUy denticulated on the outer margin). 
Ambulatory appendages setose. 

Length of carapace, 6.6 mm.; breadth, 7 mm.; breadth of frontal margin, 
2 mm. 

Panama, March 12. 1 female ovig. 

PcLchycheU$ rudi$ Stimps. is a larger species, with the posterior margin of the 
carapace more concave (the concavity having almost the shape of a triangular 
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notch) ; the canpace and chelipeds are len setoee than in P. 
the anterior margin of the carpus not prominently toothed, and tbeiv b a 
fttrong protalierance near the middle of the upper surface of the propodmi. Is 
P, tuberculipes Lockington, the central part of the front is trian^^olar antl 
deeply furrowed along the median line, the chelipeds and amKuUtor3r Ir^ are 
knobbed so as to present ^ a mass of tubercles above.** P. pamawkensis apfvars 
to be near P. bitrbattu A. Milne Edwards, from the Asorea, hot in the Isttcr 
species the front is broader and the caq)us more denticulated. 



FamUy GALATEIDJB. 

Fleuronoodes monodon (M. Edw.) i 

OompA)^! with Milne Edwards's figure of P. mnnodon (Ann. Set. Nat., 3*a^r. 
Z«mj1., XVI. Plate XL Figs. 6-9), the ^* Allmtrofis " specimens preaetit a m«ire 
uU*tteiip|H*nrunce; their greateMt width U acnim the canliac region, while in the 
figure uf P. iiunwdun it in near the poMt4'nur end of the carafiace ; the canliac 
an*4i, too. in the examples before me, is sunk lielow the level of the neat of the 
cara|iace, and the truimvenH* piliferous lines are more broken at thia pnini, aa 
well as on the gastric n*gion, than api>euni to be the case in P, nunu>Ham^ to 
judge from the figure referretl to. Unless these discrefMinciea are doe U> the 
inaccuracy of Milne Edwards's draughtsman, the ^ Albatross" specimena behio^ 
to a new s]H*cies. 
Suti«m 33H5. 2fM) fathoms. 16 males, 7 females. 

** 33H6. 242 '' maltii, 14 females. 

*• 3.1WJ. 259 ** 2 nuibis ^ female*. 

*' 3423. 94 *' IH mulfs, 11 fenmliv. 

Munida obesa, tp nov. 

In t)ii« pp^'cir'i w«* sec an AppnMU'h to the genus PUurofuodUf m the «iclc« or 
hit<*n»iiiffrinr walU of thf ramfutre are somewhat PWoUen, so that ihry «hr»v 
a Iittlr whrii tli«' atiiiiial in vicweil from a1m)Vc. The InmiI joint of the atk- 
ti-niKi*. t*Hi, 14 rii<»n* ei|Hi44il fniui a1h>vc than it is in the typical ape-ries i«f 
Munt.l^ Thv latord n>^tntl ftpitit***, nr Hupni-ocular iipint«, are runrr«l apvani 
iww tliiti t)if iiir<liaii pMtral Mpiiir, nnil the thn*«> an« nearly fwinUlel, the 
lat< r:tl Mpiiiri n-.K h\u^ a^oiit half way to thi* tip <>f tlie meilian ; all thrive 
iHi- 1"** •'|»i' allv ♦.|»ifiiil«HM- Mil iln'ir ii|«|M r M,i*'. Thi-n* are two paipi «>f spi] 
f'fi ih.- uii.Ti"! part "f iln- ;^M-iT»«' r«vi"'« •'> Ihh* *\ith th** lateral n»«tral Kitiov^a. 
ni !i.. -. t.^.tpur" t!»« .iiiti r!>r i- th«- l.ir^'i r 'lltcn* i<4 al<Ni a loti^cituditioT litM* 
i.f •!•!». '.l'* \t\ th«*in« liiii liiH* UtwiMii the tWii |uiir4 jutt lifMiken of Thriv 
nti . iti » i liti"ii l«i ihi ■«• , •»**\in»i Hjntll •pini- irri*;^Mil irly arrant**'*! on rarh •*•!«► 
of tin g.b»lii< re>;<"n. '1 Ik* rar^liai ana i'* •^oinruhat mnik lielt>w the Irvrl «i^ 
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the surrounding parts ; its anterior margin is denticulated, with a larger spine 
on each side. The lateral margins of the carapace are armed with ten or 
eleven spines, the one on the antero-lateral angle being the longest. The 
second abdominal s^ment is ornamented with a transverse row of eight small 
spines. The other abdominal segments are normally destitute of spines, 
but in a few of the many specimens before me there are two or four small 
spinules on the third segment. The pleune of the third, fourth, and sixth 
abdominal segments are acute, the rest blunt. The eyes are large, and are 
provided with rather long cilia on the edge of the cornea. The basal joint 
of the antenna is armed with a long and sharp spine which reaches forward 
beyond the eyes ; the second joint also has a long spine on each side. The 
chelipeds are long and hairy ; the merus, carpus, and basal part of the pro- 
poilus are spiny, the fingers long, slender, the cutting edges straight and 
finely spinulose. The ambulatory appendages are setose^ the upper and lower 
edgeii of the merus are spinulose and there is, moreover, a row of spinules on 
the outer surface, this external line of spinules being best developed on the 
proximal end of the segment. The carpus is armed with small spines on the 
upper margin, and one spine on the distal end of the lower margin ; the penul- 
timate and terminal joints are unarmed. 

Length, 65 mm.; length of carapace, 34.5 mm.; breadth of carapace between 
epimeral sutures, 21 mm.; length of rostrum, 11 mm., length of cheliped, 
84 mm., merus, 26 mm., carpus, 10 mm., basal portion of chela, 18 mm., 
dactylus, 21 mm. 

Station 3389. 210 fathoms. 2 males, 7 females. 
" 3355. 182 " 5 young. 



Munida refulgens, tpi nor. 

In this species the setas on the ridges of the thorax and abdomen and on the 
legs are resplendent with iridescent hues. The rostrum is long, triangular in 
cross section, the upper surface scabrous, the lateral margins armed with two to 
four spines which are generally placed unsymmetrically on the two sides. The 
supra-ocular spines are short. There is a transverse line of spinules back of 
the base of the rostrum, the two which lie on either side of the median line 
being lai^r than the others. Seven marginal spines on each side of the 
carai>ace, the ones at the antero-lateral angles the lai^^t. There are no spines 
on the abdominal segments. The abdominal pleurae are acute. The basal 
joint of the antenna has a plate-like expansion, but is not spinose ; the second 
joint is furnished with an external spine. Chelipeds very long, squamose, and 
clothed with silky sets ; the merus has a row of spines on the upper margin, 
another on the inner side, and a row of smaller ones on the outer side ; the 
carpus is provided with three or four spinules at the distal end ; the chela 
is slender, the outer finger flattened, ribbed above, the outer edge rather 
convex and expanded toward the base; cutting edges of fingers finely denticu- 
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lated. The anterior border of the merus and carpus of the Ami 
appendages is spinose. The general color in life is red. In the 
specimens the color i* retained in the chel» and particularly in the 

Dimensions of largest specimen (male). Length, 91 mm.; length of 
including rostrum, 43 mm. ; breadth of carapace, 34 mm.; length of chrltpcd, 
211 mm., merus, 90 mm., carpus, 15 mm., basal part of chela^ M iiiai.« 
dactyl us, 42 mm. 

SUtion 3367. 100 fathoms. 13 males, 18 females (7 ofig.). 
'' 3378. 112 *< 15 males, 19 females (14 orig.). 

" 3379. 52 " 1 young. 

" 3427. 80 " 1 young. 

In Af. iris A« M. Edw., the setas are iridescent, as in this spectea, bat tha 
rostrum lacks the lateral spines and the supra-ocular spines are much las^(cr« 
reaching beyond the eyes ; from M, irrcua A. M. Edw., our species dilleffs ift 
the 8bapc of the hand, in the relatively shorter median rostral spine proridiA 
with lateral spines, etc. 

Munida propinqua, sp. nor. 

The carapace of this species is rather flat ; the rostral sptnea are srabrims, 
the lateral reaching to a point beyond the eyes; there is a prominent sptBe tm 
the ^tric area behind each lateral rostral spine, another on each side behind 
and external to these, and a |)air of very small ones on the median line at the 
IjoAe of the rontrum ; lienides tbefie thcns are abuut four small spines on tht 
anterior half of the carapace. The anterior lateral angle of the f^rmpegr is 
truncutcHl, the lateral liorder seven- spincd. The pleursD of the aMomm ai* 
roundi*<l, iihort, and bn»ad ; the second aUloroinal segment in fuminbetl wtih a 
tronNverH! n)W of atiout eight spines, the rest of the segments being clestitotr ni 
spineii ; the terga of the Heoond io the fourth segments are very smooth Wbtod 
th** ci*ntml tninNven«e foMoo. The fimt joint of the antenna is armed with a 
long ftpint', the (lecoiid j<iint with one on each side. There is a minute Aptoe at 
the unt«*n»-infen«ir angle of the camimce. The chelipeds are robust, 9fUwe^ 
and Rpiny ; menifl spiny on up|M*r and inner parts ; carpus spiny on all •itU* ; 
The hand i^ funiiHhnl with two wwn of spinei* on the lower side, another alt4« 
th«' middle «if the outer face, and Xhn*v irrt*gtilar series along the upper aiilr . 
U»th the tiii>^*ni arc spinultMO. Ambulatory limlis setose, spinoae alofi|i* tbr 
»u{»eri<ir aii«l inferior e<lg«*!i. In nmall s|>eiiniens the lateral »pinca of iW 
n»«trtnii ni.iv U* ftliorter tlmn the eve<»tnlkft. 

I^nu'th, HI mm.; camiMKre (including the rostrum), 45.5 mm. ; 
li*» mm. ; len^'th «»f ( In Ii|N<«|, 1M5 mm. 

Si.»li'.i» Xi^i. 4.'»s (athoiim. H mnle.H, (\ females (1 ovigjl 
:U!M. ill ♦• 1 nwil.-. 

:UH|. 5*^5 •• I inal,. juv. 

'Mil- •!-■. i.-< rr-MinMf* M. milts \. M. K«lw., but the carapace of Jf . 
f/iN^M^i u ttatter. th«* cAnluc arvs is mon* dutinrtly circumscribed by 
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the abdomen beurs spines only on the second segment, and the abdominal 
segments are not so much sculptured. 

Munida gracilipes, tp. nor. 

Carapace rather flat and quadrangular. Lateral spines of rostrum less than 
one half the length of the rostrum, shorter than the ocular peduncle. Four 
spinules on the gastric area arranged in the form of a square, — two behind each 
lateral rostral spine ; a longitudinal row of obsolescent spinules in the median 
line from base of rostrum to the cardiac area ; one spine on the cardiac region, 
a pair on the intestinal region, and one on each side of the cardiac region just 
back of the cervical suture. The lateral nuirgins of the carapace are armed 
with about seven spines, the first of which is the laigest. The second abdomi- 
nal segment is armed with a transverse row of six spines, the third with a row 
of four, the fourth with a row of four and one median spine behind the trans- 
verse row. This is the normal arrangement, but in one specimen out of the 
four there is an additional pair of spines on the second and third segments back 
of the transverse row. The pleurae of the third, fourth, and fifth abdominal 
segments are acute. Eyes very large, reniform. The chelipeds are very long 
and slender, the merus spinose (the chief of the spines being on the inner side 
of the joint) ; the carpus also is spinose. The hand has about eight spines on 
the upper mai^gin and one on the lower ; there are several acute spines on the 
outer border of the movable finger, the cutting edges of the fingers are straight, 
finely denticulated or spinulose. 

Length, 24 mm.; breadth, 8 mm.; length of cheliped, 34 mm. 

Station 3391. 153 fathoms. 4 specimens. 

This species is very near to Af. tiimpioni A. M. Edw., but the carapace is 
flatter, less granulated, more quadrangular in outline, with more evident trans- 
verse rugae ; the lateral rostral horns are shorter, the eye larger, the transverse 
ridges on the abdominal somites fewer in number; the lateral spines of the 
carapace and the abdominal spines are better developed, the cardiac area nar- 
rower and bounded by more distinct furrows. 

Munida miorophthalxna A. M. Edw.i 

BuU. Mus. Corap. Zool , VIII. 51, 1880. 

Station 3370. 134 fathoms. 1 female ovig. Length, 20 mm. 

Only one specimen of M. micropkthalma has been returned to this Museum 
from Paris. It is a very smaU specimen, without chelipeds. The *' Albatross " 
specimen differs from this one in having the rostral median spine less upturned. 
The chela, compared with that of M. microphtKalmaj as figured by Henderson 
( Rep. Challenger Anomura, Plate III. Fig. 4), has no spine on the outer mar- 
gin of the dactylus, and the row of spines on the outer face of the hand is 
obsolete. 

VOL XXIT. — HO. 7. 8 
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M, microplithalma woa taken by the ** Blake ** among the Weft f i>dif« m 
573-1030 fathoms, an<l by the '* Challenger" in the same region in 3fll> laiiioBBa* 
north of the Kermadec Islands in 6(K) fathonm, and near AiioeuiuoD laUml im 
425 fathoms. 

Qalaoantha rostrata A. M. Edw. 

GiUarantSa mUrata A. M. Kdw., Ball. Mui. Comp. Zool., VIII. 62. 1880. 
Galacantha Mlit Hend., Ann. Mag. Nat. Hiit , 5th Ser.. XVI 418, 1886; B«fL 
Challenger Anomura, p. 167, Plate XiX. Fig. 6, 1888. 

SUtion 3362. 1175 fathoms. 1 male. 

" 3 UN). 1322 "* 3 males, 2 females (1 ovig.). 

" 3113. 1360 " I female. 

Tlie " AlbatHMs" specimens differ from the typical W«>st Indian form in th« 
greater di%'ergence of the lateral spines, the anterior ))eing more nearly iisnUIrl 
with the axis of the body ; the abdomen is snioother toward the centrml part 
of the i«i*gim'nts; the <lorsal spine of the fourth aUlominal segment ta smaller. 
Theiv is considerable variation among diffen*nt individuals, and the chiuiK-trr^ 
|M>inti*d out by Henderson to distinguinh (!, htUU can hardly be dermrvl of «|it^ 
cific %'alue. The color in life is nnl, paler and yellowish towanl the Dii«lillr nf 
the carafiace. (/. nutrata has Wn collected in the West Indian nean in fr«»ai 
loUH to 1591 fathoms, and off Juan Feniandez in 1375 (athonw (#;. Uii^s 
llend.). 

Qalaoantha diomedeflB, sp. nov. 

Rostrum without lateral spines; distal {Nirt tunie«l upwanl at an atigV *if 
b^H timii SK>^ in mo^t H]H>cimeni«, but in some cam*s the inclination in gr%-.%trr; 
lia^l |iart nmr^inute, th«' margin running for some dintance along the aiitrn<*r 
Mlg«> of the rara|tiii'e ; a hlight keel ruim Uick fn>m the rostrum to thr iiir«tiAn 
pintnc npine. (fiintno iipine smaller than in fS. rttttrtiUt ; anterior latrrml «|*ifi^ 
mui'h longer than the |x»«terior; then* in an ailditional small npine im thr fta*!* 
of the ^anl|^uv, ju*>t iN-hind the rrrvical suture. Anterior half of the c*jirm|«< 
<»nituuente<l Hith PM-tif«*rou4 miuuiuouh tu)N'rc1e««; on the {MNitenor lialf uf th 
i'arii|Mii«> the tuU'nleH ;u>i*uni«> the form of interrupt«il tran«%'er«e rtilgra. Tl»r 
n)e*h.ih "pini*^ of the alulouien tin* Hnmll, diiniiiti»liiiig suci^eiwively in «ixr fn*cii 
thr lir«t to the thinl. hIhiIi m oli«4ilcte in some examples. l*p|)rr •uriftrr ••( 
ttUl^inii II r.ithrr }i«iirv« thf plriirie tnlwrruIoM', angle-i rouiidi*tl. The h*^ arv 
roii^'h Mitli u'r:itiul:tr •«>toM* tuUrrU'<«. There iiri* two pr<»niinent tiiiiir* at th<r 
di-td • ill of th<- <ar|'U>« of the chflijK'vU, and one at the«li<«lAl end of the eari^u* 
Atfl ni< til- of till- aiiil'd.ttoty IiuiIm. TIm* aiileiinv ate tuii*e and a half ah I.-n * 
,4.- tl.. l--l\ 

|» III. !..«•■!»-. ■! .1 f. In il. -p.-. nil* n. I..ti.:tli of Unh.Ti) nun.; length ''f .-%r»- 
|-i . . .'.:♦ iii'ii. . 1 i> litii -f .Mf.i|i.i. »•, hot itii |ii«liri)K' thf lalfnd *pin»*% i*i riitu 

n,i..|..i. , I 11,1, int.. .1 Mill iii.iik<<l \.iiiit\. III u hit-h the anterior I.4t<-rtl 
•pin* S aj* H(ll a* thf iiifli.iii g.ij>tlli *pltM-, all- \«-iy niurh iimaller thiUl in tW 






MUSEUM OP COMPARATIVE ZOOLOGY. 181 

typical form. This variety may be called Galacantha diomedetB parvispina. At 
one station (3429) both forms were obtained at the same haul. 

This species differs from G, rwtrata, areolatay spinosay and talismanii in the 
rugose nature of the sculpture of the hinder half of the carapace. In the 
relative proportion of the anterior and posterior lateral spines it agrees with 
G. tpinosa. 

1 female juv. 

3 males, 3 females ovig. 

1 female. 

3 males, 1 female ovig. 

5 males, 2 females (1 ovig.). 

1 male. 
3 males. 

2 males, 1 female. 
1 male. 

1 male. 

1 female ovig. 

1 male. 

1 male. 

18 males, 17 females (6 ovig.). 

6 males, 4 females (3 ovig.). 

In both G. rasirata and G. diomedece there is a curious sexual difference. In 
the male the proximal half of the telson is furnished on each side with long 
amber-colored sets, which are entirely wanting in the female. The same 
difference between the sexes is found in some species of Munidoptia. 

G. diomedta is often infested with parasites. One of the males from Station 
3371 bears a PdtogMter, while seven specimens (5 males, 2 females) of var. 
parvispina house a Bapyrtu in the left branchial chamber. 

The eggs of this species measure 3 X 2Ji mm. 

Munidopsis' vicina, sp. nov. 

Near M. ciliata Wood- Mason, from which it differs as follows. It is a very 
much smaller species, the adult ovigerous female being only twenty-nine milli- 
meters long ; the anterior margin of the propodus of the ambulatory appen- 
dages bears two very prominent spines. The telson lacks the pair of long and 
narrow plates which lie on each side of the small central plate in Af. ciliata, 
Ab in M. dliata^ the carapace is covered with squamous tubercles, the rostrum 
is curved slightly upward, and the chela is short. 

Length, 29 mm. ; breadth, 9.5 mm. 

Station 3360. 1672 fathoms. 1 female. 
" 3382. 1793 " 1 female ovig. 

1 The genus Munidmnii, m here underetood, includet Gahiodes, OropkorrhywAuSt 
and Eia$monotu$ of A. Biilne Edwards, and Anoplonolus of Smith. 
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Munidopsis agassuii, tp. nor. 

The carapace of thU species is moderately convex, with a deep 
depn'Msion across the anterior part of the cardiac area. The roctrum i« loni^ 
sli^'htly upturned, and anned near the middle with a {»air of lateral afHiirfii. 
The gastric area has four (lairH of spines, the anterior |Nur the Ur)peiil. Tbe 
canliac area Ix^ars two or three pairs of spines. The lateral marxina of Ibv 
carniNice carry from six to eight spines each, and there is a longitu«ltaal »rrie» 
of small spines within the margin on the branchial area. A tnuill spine m 
situated on the anterior margin between the eye and the antenna. The pu*- 
terior lM>rder of the carapace is ornamented with six (in one s|ieciinen mexrti) 
spines. Tliere are also several spines on the sides of the carafMce Url«>w the 
epimeral suture. There is a very small spine over each eye. The antrtiiUB 
are shorter than the ImmIv, the first joint Wars a long external spine, the Mr«»c>«l 
joint two lateral spines, the third joint two lateral spines and one superior. The 
chelipt^ls are long and blender, the merus and caq>us have no long sptD««« tb« 
pro|MKlus carries four spines on the up|»er edge and several nidimentanr wpin- 
ules, the fingers are spinulone, their cutting e<lgi>s straight and deuticuUtr«i. 
The ambulatory ap|»en<lages have spiny meri and car|u, the loD^jeiit spitic^ 
lieing one at the diHtal HU|M*rior l>order ol each of these joints. The sv<-«»ffi«l, 
third, and fourth alKlominul si*ginents bear four spines each. The abdutuiiiaJ 
pleune art^ roundeil. 

I/cngth, 23 mm. ; length of carapace, 12.4 mm. ; breailth of carmiiacc, 8 mtii ; 
length of roMtrum, 4.5 mm. 

Sution 33H9. 210 fathoms. 1 male, 1 female. 

This HjKTJeH bean* u general remMublanre to M. erinacfa (A. M. Hilw.) aivI 
3f. Bjnni/*nt (A. M. I*Mw ). It ditfrrM from both them* in having a tUttrr 
cani|Nire miirk«'d by a de<*|H*r tnin»*verM' deprenhion arrtMtn the canliao ar%*A« in 
having a larger nutuU'r of >»pineH oy the hiden <if the cAra|Hice, and in thr prr*- 
ence of itpines on the pterygtixtoniian regionx an«l a itmall but «lit»tinet i»|»in<p 
over the ey«*. It al-Mi hai* htn»ng HpineH on the r»u|M*nor edge of thr haij^i 
Hhi'h at«* wantiii;^' in M. frimtna and M. tpinifrrn. hi the |MMiM*«iMii»n t.f 
thn'<- p.iir^ of ^.i«trii* f«pine.-i it agrtre.4 with M. ipini/era^ but differs fnuu M, 
rria«i<r'i 

Munidopsis villosa, vp. nov. 

Th«* iAh"Ie knrf.ii-c of thr ImmIv and linib^ i^ )M>>*et with M*ta[>, which an*«> 

fr«»!n l"Vi M|ii:iniMU* till" ti !•■< (ind truiiHViT^' nj;;T on the rani|Hict», atid fr« tu 

lh«- tTkt.-\»r.« III. I till- .ilMlMiiiiiial -i^'ni'iit"* Tlii* ro-lrnni i" triai»;;til.i«'. 

th< 'A \i %\f iit-Ciri.' •!. •>liii«ln il. md |M.|iit(M|. tht* pn»iniml half iiik<>*. 
U I w II. I -!u'' !'\ . inti it. I 111 till* Ui'dl Ul llllf. .V pitr of t»hort. ntnllt, 1 In* • 
• j'lti* • .-n iKt ,■ I'lri. r»-/i-ii. < »tM' ■pun- at .-iiitrfi* I ilrral an;;l»- of thr r.%r:i|^» . 
«in«- •'II ni.irgin of (Im h* |t.ttii ai«-a, an<l- a iiidinirntaiy une on the »id« «»! tb* 
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branchial region. There is a medium spine on the second, third, and fifth ab- 
dominal segments, and a rudiment of one on the fourth. The abdominal pleune 
have rounded external angles. The eyes are freely movable and destitute of 
spines. The second antennal segment is armed with a prominent external 
spine. The chelipeds are robust, setose, and granulate ; the merus has a short 
superior spine and two lateral spines at the distal end ; the carpus is similarly 
equipped, though on one side the superior spine is obsolescent ; the chela is 
broad and strong, the fingers excavated, denticulated on their cutting edges 
and at their tips. The merus of the first pair of ambulatory appendages has 
an external distal spine ; the carpus of all the ambulatory limbs has two longi- 
tudinal ridges, and that of the first and second pair has a spine on the upper 
border at the distal end of the joint 

Length, 55 mm. ; breadth, 18 mm. ; length of carapace, 31 mm. ; rostrum, 
8 mm. 

Station, 3394. 511 fathoms. 1 male. 

Munidopsis hystriz, sp. nov. 

Carapace setose and thickly covered with small spiny tubercles*; three 
spines of special prominence on the gastric area disposed in the form of a 
triangle with apex directed backward; one on the cardiac area; two (rarely 
six) on the hind margin of the carapace ; one on each branchial area. There 
is a spine at the external angle of the orbit, and the lateral margin of the cara- 
pace is spinose. The rostrum is long, lightly curved upward from the base to 
the tip, and armed with from two to five spines on each side ; these spines 
are unsymmetrically arranged on the two sides. The second, third, and 
fourth abdominal segments are conspicuously two- ridged; the second segment 
htis a pair of small spines on the anterior ridge, and another pair nearer the 
median line on the posterior ridge ; the third segment also has a pair of spines 
on the anterior ridge, and in some specimens a third spine in the median line 
on the posterior ridge. The abdominal pleune are truncate. The chelipeds ' 
are long, very spiny from the proximal end of the merus to the base of the 
fingers ; the chief spines of the propodus are on the upper margin of the seg- 
ment ; there are two spines near the base of the dactylus. The ambulatory 
appendages are long, setose, and spinose except the dactylus joint. A spine 
over the eye. Antennas shorter than the body ; a spine on the outer side of 
the first segment, one on each side of the second and third segments, and one 
on the upper side of the third segment. 

Length of ovigerons female, 47 mm. ; length of carapace, 25 mm. ; breadth, 
15 mm. ; rostrum, 8 mm. 

Station 3417. 493 fathoms. 1 male, 2 females ovig. 
** 3424. 676 " 4 females (2 ovig.). 

*' 3425. 680 ** 7 males, 5 females (2 ovig.). 
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Munidopsis serioea^ tp. nor. 

The whole surface of the body and limbs is covered with a rnlkr 
cence. The rostrum is long, curved gently upward, convex aboTe, but not 
carinatody armed with a prominent spine on each side near the middle, 
with three more minute spinules near the base. Gastric region swollen, 
with two conical spines and ten or twelve snudl spinuloid taberclea. Tbe 
cardiac region has a prominent transverse ridge near the oentre* in front t4 
which is a deep depression separating it from the gastric region ; the ritljc^ is 
anued with a pair of short spinules. There is a small spine on tbe anterior 
bonier between the eye and the antenna, a large one at the antero-eztemal 
angle, three on the border of each hepatic region (the middle of one of theae » 
the largest), and one small one on the border of each branchial region jait 
behind the cervical suture ; there are besides about ten sharp tuberrles t»n 
each branchial area, and tive or six \mn of spinules on the posterior nimn^in of 
the carai>ace. Pter}*gfMtomian regions granulated. There is a pair of spine* «« 
the secoml, third, and fourth abdominal segments ; besides these there are mer- 
end small spinules on the terga and pleura) of these segments ; the i»lenr« 
are rather narrow, with rounde«l laU^ral angles. The cheli|)«ds are wantinjc >a 
the unique specimen. The ambulatory ap{)endages are spinulose, the spinules 
of the dactyli restricted to the hind miir^in. The eye is provided with a very 
minute spine. The ant4*nnK are rather longer than the body, the liaiial joint 
has a short ext4*nia] spine, a longer one at the lower internal angle, anil a 
small one at a higher level on the inner side. The latter spine shows, wbrn 
the animal is viewed fmm alM>ve, l)etween the eyestalk and the antenna. Tb« 
su))H4V(uent segments of the ant^^nna are anued as usual in this genus. 

l^'Ugth, 3!) mm.; length of caraimce, 12 mm. ; length of rostrum, S mm ; 
breaiith of ranifiace, 12 mm. 

Station 331^4. All fathoms. 1 male. 



Mimidopsifl margarita, ip nov. 

In thin iii»ecit-s th«* n»««tnun ban a gi^ntlr upwanl rurve near the tip ; it is 
CAruinti* nliovf, un«l niiiiiitily wpinnloiH <»n tlu* murginn. The surface of tbr 
rani|iAr«> in n>ti;:h with M|unnioUH tuU*n*l(^ and forwunl-fMiinteil spine». The 
gsptrir and canliar rfgioiiK an* proniinctit, and iie|Mimtt*<l fmm one another by 
a dii'p di*pn*wiiiin : a |viiir of HpincM on tht* giixtrii*. and one spine on the canluie 
n%ji«»fi. Attain a "Imi ial pmiiiiiuMirt*. A loiij* Mh.ir|» >»pine outi«ide the eyr f<»mi* 
thf out«r M.ill of ji >%• II ni.irk(<«l orMt. TImto an* ^'i^'ht opines on each Utrr^ 
liiit/m, "ix ".ii \\\v |--ttri«»r (in< lihliii;; tln»"»«* at tin* p«i*t«*n»-lnt«*nil an^^b^) 
'I h« l.f ifi- lii.il an a-* Jir»- iri«b-. m-uI. .*<«*imii.| aUlMiniual »*i-^'ni<*nt : thr aiji««n r 
lfaii«\«r*«' fi'L'-. will, h i* bp>k«*n di»un in th«* n-ntr*', ln'ur* on i^»h *j*ir « 
pr<>iuii.«ht )i'N.k«d ••|>iitt , which i«t cnlar;;*'*! tit tin* Ikum* and d(*nticulAtt<il ot> tbr 
tiulrr ui.ir^'ih ; th«- j»«»»t«fi'»r ri«lpj«- i« fiiini'.!>« •! \%itli thnt' h«Mikc«l »pinr« ; the 
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pleurae of this segment bear each a broad, flattened, forward-pointing tooth 
with denticulated edges ; when the animal is viewed fram above, this tooth 
appears to form the lateral extremity of the pleura, which really lies below it, 
and is rounded. Third abdominal segment: both ridges are spiny and dentic- 
ulate, three spines being specially prominent on each ridge. Fourth abdominal 
segment : armed with but one small median spinule. The sides of the carapace 
below the epimeral sutures are covered with spiny tubercles, and display an iri- 
descent lustre. The eye has two spines projecting over the cornea from the 
inner side ; the posterior of these spines is very minute. The antennas are very 
slender and about as long as the carapace ; the first and second joints are pro- 
vided with a prominent external spine, the third joint with three spines, viz. 
one external, one internal, and one superior. The chelipeds are absent in both 
the specimens. The ambulatory appendages are spinulose on aU the segments 
except the dactyli, which are finely serrate on the hind margin. The legs, and 
more especially the sternum, are iridescent, like mother of pearl. This irides- 
cence is seen in a le^s degree in several other species of this genus. 

Length, 20 mm.; length of carapace, 11 mm. ; breadth, 7 mm.; length of 
rostrum, 3.5 mm. 

Station 3404. 385 fathoms. 1 male, 1 female. 



Munidopsis crinita, sp. nor. 

The whole surface is clothed with long setae, which are longest and densest 
on the chelipeds and ambulatory appendages. The rostrum is very broad at 
the base and ends in three points, the middle of which is the longest; the ros- 
trum is slightly carinate in the median line. The carapace is roughened by 
low setiferous ridges. The antero-lateral angles are obliquely truncate ; a spine 
over the antennas, and four on the lateral margin, the last one just behind the 
cervical suture, the third one obsolescent ; hind margin unarmed. A pair of 
spines on the gastric region, behind the base of the rostrum. The abdomen is 
devoid of spines, and there is no spine over the eye. The antennae are slender, 
shorter than the body ; the basal joint is provided with a long spine on the 
external side, and another on the internal side; the second joint has an external 
spine, the third an internal one. Chelipeds : merus five-spined; carpus with 
one prominent spine ; hand unanned, broadest at base of fingers, cutting edges 
of fingers toothed. Ambulatory limbs setose, hind border of dactyli spinulose. 

Length, 19.5 mm.; carapace, 11.5 mm. ; rostrum, 2.6 mm. ; breadth of cara- 
pace, 7.5 mm. 

Station 3384. 458 fathoms. 1 female. 

This species resembles Af. rosacea (A* M. Edw.), M. laHfrom (A. M. Edw.), 
and M. tridens (A. M. Edw.)* From the first (Comptes Rendusy XCIII. 934, 
figured in RecueU de Figures de Crustacds nouv. ou peu connus^ 1** livr.) it dififers 
in having a much shorter rostrum, in the presence of a pair of spines on the 
gastric region, in the different shape of the band, the absence of prominent 
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spiues on the men of the ambulatory legs, and its greater pilocitj. Trout tht 
wcond (judging from Milne Edwanls's short description of that species) it m 
distinguished by the long set«, gastric spines, and broader carapace. Fratm 
the last it diflfers in being very hairy, etc. M. romcea comes from the noct^ 
coast of Spain, M. laUfroM from the Barbadoes, M. trtdim from SL KiUa. 

Munidopsis omata, sp. nor. 

Carapace convex, the whole upper surface, including the roatrmn, tbicklr 
covered with low squamous tubercles ; seen under a magnifying powrr tbe 
surface of each tubercle is seen to be made up of a number of secondary fcmlc>- 
like prominences ; the tubercles are not lengthened out tranirenely to ft^ra 
ridges on any fMirt of the surface; two of the tubercles on the gastric ir^^^i 
take on a spiny character. The rostrum is nearly horizontal, triangalar in 
cros8-MM!tion, the mai^ns serrate ; the anterior border of the carapace is cuattx 
between the eyes and the antenna?, but has no spine at this pfiint ; laterml bor- 
der four-toothed, one of the teeth lying at the antero-lateral angle, two uo tli« 
he|Mitic n*gton, and one un the edge of the branchial n^gicm behind the oerrioal 
suture ; the {KNiterior U)nler is delicately fentooiied, but not armed with s|»tnc». 
The abdomen is Hpineless, its surface punctate, anterior half of the pleorw oi 
the secoml iH*ginent tul>erculate, all the pleurae rounded. The eye baa a tr«ii»- 
veme granulate<l tuU*nle running over the cornea from the inner side. Tbe 
antenna} are very slender, and do not excee<l the carafNice in length. Tb# 
clii*lii>etls are UKMlerately robust ; the nierus tul>erculate and anned with a wmm 
of short HpineH along the upi>er e«lge ; the carpus spino-tuberculate, witb two 
lonptudinal fnrmws on the outer Hide; the hand almost smooth on tbe iDoer 
side, outer hide and iiU|>«'rior surface n>it;;hene<l with low tuWrt'les ; finprr* a 
little curved iipwnnl, »«|MM)n-Nhu|M*d at the denticulate and i«et(Mt* ti|i«. Atul*c- 
latory ap{»endagt*» : ineri flattened, tiiU'rculate, up|H*r eilge produceil to m myt- 
mm; curiiut ; the carpi have thn^e denticulate ridges; pM|MMli sca)»rvus mitb 
an im*guliir row of HpineH on un<lrr nide ; the ductyli have black ti|w« and «re 
finely Hpinul«»H«» <»n their |H»terior e^lgen, 

l^-ngth, 23 mm.; leiigtli of caraiNice, 12 mm.' breadth, 8 mm.; len|{tb uf 
ruBtnun, 3 mm. 

Sution 340I. 3H5 fathonm. 1 male. 

MunidopsiB soabra, ip nov. 

The n»«tnim in triaii^'uhir. nli^^itly curve«l upwanl, carinateil ah«»ve, iW 
l.it* rill i<L'<-« aimI tlir (iiritiii li^'lilly dt'titictilutnl. The cam|Mice is r(i%w-rY«l 
viitli "Mju iiii'U'* •«tiftr"U'» tuUnlrn wliirh «'iid in npiny |Miint*. Thenr i% « 
tr-ui-vt !*•• i..\% ..f m\x iii«iri> prntiiiiiciit Hiiiuy liilMTclfH on the puttie nv'*'tt- 
TIm- |-H.ttri 'F U-nlrr *>( tin* canijMtie in nriiaineiit<Ml with a «lenticulatr<i| nm 
(^U'Ut «'i^lit dt iitit 1<«) 'rh«re in n ^piue U-tweeii the eye and the antrntkA 
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below the anterior margin of the carapace. The abdomen is devoid of spines, 
the pleurae have truncated lateral angles. A spine projects over the cornea of 
the eye. The antennte are shorter than the body ; a spine on the outer side 
of the basal joint, one on each side of the second joint, and one on each side 
and one on superior margin of third joint. The chelipeds are long, spinose, 
except the fingers ; hand long, the basal part longer than the fingers. All the 
joints of the ambulatory appendages are spiny except the dactyli. 

Length (ovigerous female), 40 mm. ; length of carapace, 13.5 mm.; breadth^ 
14 mm.; rostrum, 5 mm. 

Station 3424. 676 fathoms. 2 males, 1 female ovig. 
<* 3425. 680 " 1 male, 1 female ovig. 

Munidopsis tanneriy sp. nov. 

Carapace flat, quadrangular, covered with squamous setiferous tubercles 
which have a tendency to develop spiny points on the gastric region. This 
is especially true of a transverse row of six on the anterior part of that region. 
The rostrum is triangular and horizontal. There is a prominent spine on each 
side of the anterior margin of the carapace between the eye and the antenna, 
another at the antero-lateral angle, and two or three on the side of the hepatic 
area; the hind border of the carapace is denticulated. A small spine over the 
eye. Antennae shorter than the body ; one spine on the outer side of the first 
joint, two lateral and one superior on the second and third joints. Cheliped 
(present in only one specimen) long, slender ; merus and carpus many-spined ; 
propodus spiny along the upper and lower margins ; tips of fingers enlarged 
and denticulated. Ambulatory limbs : a prominent row of spines on the upper 
edge of the merus and carpus, propodus and dactylos devoid of spines. Abdo- 
men without spines ; pleurae narrow, angles rounded. 

Length, 41 mm.; length of carapace, 23.5 mm.; breadth, 15.5 mm.; rostrum, 
6 mm. 

Station 3396. 259 fathoms. 2 males, 1 female (1 male with Bopyrus). 
** 3397. 85 " 1 male. 

This species is nearly related to M. tcabroMf but differs from the latter spe- 
cies in having the carapace broader and flatter, with squamous tubercles which 
are not produced into points except a few on the gastric area. The spine be- 
tween the eye and the antenna is longer ; the propodi of the ambulatory legs 
are smoother, with no well-developed spines. 

Munidopsis hamata, sp. nov. 

Bo^^ly and limbs clothed with short, scattered setae. Rostrum long, curved 
slightly upward, basal half furrowed longitudinally, with a row of short spines 
on each side of the furrow ; infero-lateral edges of rostrum also furnished with 
small spines. Carapace quadrangular, anterior border forming a right angle 
with lateral border, both borders spinulose ; lateral border with on indentation 
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at anterior boundary of hepatic area ; a deep deprenaton back of 
area and another acroas the anterior part of the cardiac re^^ou ; the upper 
of the carapace is adorned with spinuloDe tubercles, and a median luugiiiidittai 
row of more prominent spines runs along the gastric and cardiac regiona ; Uw 
anterior spine of the cardiac region overhangs the transverse deprcaiiiun, ih« 
posterior spine of the row springs from the hinder rim of the campttoe. Tberv 
is a median hooked spine on the tergum of the second, third, fourth, and fifth 
abdominal segmental and many spiny tubercles irregulariy dispoaed o& 
segments ; the pleurm of the third to the sixth abdominal segmenta are 
but blunt, those of the second to the fifth are costate. The ocular pvdutH:lc ta 
movable and devoid of a spine. The antenns are a)x>ut as long aa the UmIt ; 
the biiHtd joint has an inferior and a small external spine ; the Nfcond j«iiut also 
bears an extcmal spine. The cheli|)eils are long and slender ; all the joinu fn^a 
the iHohium to the propodus are e(iuip|)e<l with hmgitudinal rows of snuJl 
spinoH ; the chela is not bnwuler than the ImimiI part of the propodua, the fin^^rn 
are straight, their prehensile edges denticulate. The ambulatory appeo«ia^ 
are spinulose. 

Length of nmle, 49 mm.; length of carapace, 25 mm.; breadth of caraf 

14 mm.; length of rostrum, mm.; length of cheli|>ed, 47.5 mm.; nirnM, 

15 mm.; carpus, 5.5 ntm.; chelu, 11) mm. 

Station 33iil. 511 fathoms. 13 males, 16 females ovig. 
•* 3395. 730 «• 3 males. 

Munidopsis aspera (Hind.). 

EUumanotu» a*f»rr Hend., Ann. Mair. Nat. Ilitt. Ath ser., XVI. 410, 1886; Re^ 
(^halleiiKer Anomara. p mi, IMate \l\. Fig. 4, 1888. 

1 female ovig. 
1 nmle. 

1 female. 

2 mnlei*. 5 females (3 ovig.). 

1 male. 

2 male**. 

Thin ii|Miic<* i^ «ubje('t to rontiiliTiible variation. In the specimens fn>m 
Stitttoii4 3t<'2, 3to3, atiil 3MMt the tultenlen of the aim|iai'«* are morv nunK-ntu* 
aial 1«">4 «pitiy than in th<Mf Htt-unil at the other Htatiotis. Thr ambuLat^try 
ap|H-iid.ii:«**t «»f all th** ** Alb.itn'-o* " e\auiph"« arc ap{»nn«ntly luntr »piny tlun 
in th<* ly ]**'•* fp>iii the ** (Miallenp-r." The latter came from the Stimiu d 
M>i^'«-ll.iii. "il'i falh>>n)-. 

MunidopHiii qiuulrata, ip- nov. 

C'lr .11 •.!<••• i(u.ulr;tii»:iil.ir. th«- anttriMr :iii«l l:tt«-nil ni.-tr^iii«> forming a rit^ht an* 
(:!«■ . iipi^ t •tiif.t<i- tilt. •{•Ill* !•■'«-, hut furni-heil wiili l«>w Mjuamifurm tubrrvlr* 
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Rostrum curved upward, broad at base, narrowing anteriorly to form a long, 
sharp acumen. Central part of gastric region prominent above the hepatic 
region, from which it is separated by a deep pit. A prominent transverse ridge 
on cardiac region, forming the posterior wall of a deep fossa. Antero-lateral an- 
gles rounded. Second segment of abdomen armed with a median spine which is 
curved forward ; third and fourth segments with a very prominent ridge which 
1)ear8 an acute median tooth ; pleune of second segment faintly tuberculate, the 
others narrow with the external angles rounded but not truncate. Eye spine- 
less, almost concealed by the base of the rostrum. Antennas about as long as 
the carapace ; a conspicuous spine on the upper side of the third segment. 
Cheliped long, tuberculate with the exception of the fingers ; chela slender, 
fingers not gaping. Ambulatory legs tuberculate with the exception of the 
dactyli, which are furnished with small teeth on the posterior margin. 

Length of body, 29 mm. ; length of carapace, 15.5 mm. ; breadth of carapace, 
9 mm.; length of rostrum, 6 mm.; length of cheliped, 30 mm. 

There is some variation in the length and upward curvature of the rostrum 
among the different specimens. A female, from station 3424, differs markedly 
from the males in having the tubercles on the carapace and appendages much 
more strongly developed. 

Station 3424. 676 fathoms. 2 males, 1 female ovig. 
'' 3425. 680 " Imale. 

Munidopsis depressa, sp. nor. 

Closely allied to M. hamata, but differs as follows. The cephalothorax is 
more swollen, so that the sides of the carapace are visible below the epimeral 
sutures when the animal is viewed from above. The median row of spines on 
the carapace consists of a smaller number of spines (two on the gastric region, 
one on the cardiac region, and one on the posterior margin). The spinules of the 
lateral margin of the carapace are less developed. The depression on the cara^ 
pace involves the gastric region to a greater degree. The anterior mai^gin of the 
carapace is not so straight, and it is not spinuliferous. The antero-lateral spine 
is more prominent, the eyes smaller, and the antennae shorter (shorter than the 
carapace). There is, moreover, no spine on the fifth abdominal segment. 

Length, 32 mm.; carapace, 19 mm.; rostrum, 5 mm.; breadth of carapace, 
12.5 mm. 

Station 3425. 680 fathoms. 1 male. 



MunidopBis oarinipes, tp. dot. 

Carapace quadrangular, flat, marked by a median tuberculated ridge on the 
gastric and cardiac regions ; sides converging a little from front backward ; the 
antero-lateral angles form a rounded shoulder. Rostrum broad at base, nearly 
horizontal, sides convei^ng near tip, whicE is blunt ; upper surface nearly 
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flat, lightly flfitmulated. The rert of the upp«r Rarface of the 
coarser granulation. There is a conspicuous hooked tooth on the third and thm 
fourth abdominal segment, and in some specimens there is a rudtiD<fiitJiri 
on the second and the fifth segment ; the teeth on the thitd and fourth 
nu*nts have denticulate<l margins in adult specimens ; abdominal plrars l^^^^V 
and narrow. Chelii>eds very hmg, lightly tuberculate; chela lorif^, 
fingers rather short, smooth, with straight denticulated prebenniltf 
The meri of the ambulatory legs granulated, superior bonier proilucvd to a 
keel, the edge of which is entire ; the lower margin of the meri ia al«n r»» 
tire ; the carpi have three tuberculate<l ridges, one superior, two extrmal ; tb« 
propodi are lightly tul>erculated ; <lactyli smooth, their himl mar^^n armed 
with about five teeth. Elye spineless, nearly hidden under the matrtim. An- 
tf'iinfe shorter than the cara])ace, first, third, and fourth joints anueil with aa 
exU'Hial spine. 

l^ength, 3() mm. ; carapace, 16 mm.; bn^adth, 9.5 mm.; rmitnim, A 
rhelii»ed, 40 mm.; nierus, 13 mm.; caqms, 4.6 mm.; propodtm, 17 
dactvlus, 7 mm. 

Station 33r>3. 605 fathoms. 2 males, 1 fomale ovig. 

Near 3f. longimana {KlanmonotuM longimauuM A. M. E<lw.), from whirh it 
differs in having the rostnim more nearly plane, the menis (if tin* chrlip^ 
much less stnmgly tulN>rculated, the meri of the ambulatory limlai ta*vfT 
stnmgly carinat4^1, with lc>wt>r margin entin* iiiMtea«l of denticulate ; the •|>iii« 
on antentuil iMiluncle is mon^ pnmiinent, while the tooth on the iiecuii«l 
ment of the aUbmien ir«nl>s4Mit or at lH.*st rudimentary. 

Two NjM^rimens (inah*) of Kln$irumt)tta lonffimanut A. M. Eilw^ arnl 
(female) K. frrrnmanui A. M. K<lw., have Un^n n*tumcd to (^amhritli^r ft**m 
Palis. I Hus|»e<*t that the>« may prove tn Ik* th«* male and female of oiw 
*|N.f ier«. The cheliiM'<ls of the female H|>et*imen of .\f. crittatipes are IcmU 

Munidopsifl hendersoniana. ip nov. 

In thtA s|M*cii*<i. as in «U. armatn (Klasmimntus nmuttus A. M. Rtlw.) mtnl 
\( mnrtfintittt (KUitmnnntHM ttuinrinatu* \\vtu\.), the Ut«*rul mar^n« c«f th^* 
rariijNuv an* fit*'iidf«l as ^Imrp rn».«»ts overhanging the wides of the UmIt. The 
up{*rr •tirf.ir*' of th«* rar:i)Mi4*c in ntth(*r flat, and is rli»tlH*<l with a cIimt •h«>n 
pii)H-««-(<ttce ; the -iib**! an* in-nrly pandlrl. The rttstrum is h»nv;, ar«|f», tirmrlT 
h«>ri/i>iital, thr ii|>)Mr KiirfiK*** nH)f-^ha|Htl. There is an acute ttMith on th« 
ant* ri'T mnr^riii nf thf rani{Kiri> fxtcnitd to the «*yestalk and antitlier at the 
afil* r<-l (t«r.d .ui/l« •, nfhifwii' th«* rnnifMU'o ji* unarm«*4l. Tlie ey«*<it4alk.« arr 
iiiitii<>\ J<1< :«i»'| prtil-.fi/*-.! into . I I«t!i;^ li<»rn *>t\v ludf tv* lonj* ii< th«» n»*trutn. 
p»«'» fr--!!! .i'«'\«-, tip- ••%«-t.iR-« a|ijMMr lik** Iat«'rul «|»in««s of tin* r«*»trutn 
Tl.f •\« »- tM'liti»»tii.ir\ , t-iMijtx iii;4 tin* Ki- il |«irt of tht* lowt»r nu\r «if th# 
|M-*iMii< !• . 'Dif .tfit* titiT art- xli.irtff tliaii lh«* ImnIv, tlu* ba«.tl joint arinr%l ^ith 
a Mill «l( \«lo|M^| iiift ri-«i "I'ihr. Thr < liili|i«'dH (ir«' Nlmrt n»bu«t ami t«>tnen- 
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toee; there is a spine at the distal superior angle of the ischium and another 
near the distal end of the lower internal eilge ; five spines along the superior 
margin of the moms and two inferior distal spines ; the carpus bears a superior 
proximal tooth together with three teeth on the distal margin ; the chela is 
short and stout, the hand without teeth or spines; the fingers are very thick 
and short, meeting one another only at their spoon-shaped denticulated tips ; 
there is a rounded tubercle at the base of the inner margin of the immovable 
finger ; the outer margin of this finger is denticulated. Ambulatory limbs : 
five to seven spines on the superior and external inferior margins of the meri 
(those on the superior margin the largest) ; upper edge of carpus three- to four- 
spilled ; propodi and dactyli unarmed. Abdomen without spines. 

Length, 37 mm.; carapace, 20 mm.; rostrum, 6.5 mm.; breadth of carapace, 
12 mm.; length of cheliped, 28 mm. 

Station 3393. 1020 fathoms. 3 males, 1 female (with Peltogtuter). 

Nearly related to AT edtoardsii {Elasmonotua edwardni Wood- Mason, Ann. 
Mag. Nat. Hist., 6th series, Vll. 201, 1891} of the Bay of Bengal, but easily 
distinguished from that species by the lateral margins of the carapace, which 
in Wood- Mason's species are divided into two lobes, but in Af. hendersoniana 
are entire. 

Munidopsis inennis, sp. dot. 

In this species the whole surface of the body and appendages is naked and 
free from spines and tubercles. The carapace is rather flat above, with 
subparallel sides ; the gastric region is protuberant and separated from the 
hepatic and cardiac areas by conspicuous furrows. The surface of the carapace 
is punctate and lightly granulate and rugose on the branchial regions. The 
rostrum is triangular, blunt at the apex, bent strongly downward, and slightly 
carinate above. The antero-lateral angle is rounded, and a roimded lobe 
projects from the anterior margin above the base of the antenna. The 
abdomen is smooth, naked, devoid of spines and ridges ; the abdominal pleurse 
are rounded. Ocular peduncle free, spineless. The peduncle of the antenna 
is also destitute of spines ; the flagellum is wanting in the only specimen 
obtained. The chelipeds are also missing. The ambulatory appendages are 
smooth, unarmed ; the dactyli long (equal to the propodi in length), slightly 
curved, acute at the tips. The appendages of the third, fourth, and fifth 
abdominal .segments are simple and rudimentary. The merus of the third 
maxilliped is short, its antero-intemal margin three-toothed ; the palpus of 
this appendage is nearly as long as the merus and ischium combined. 

Length, 12 mm. ; carapace, 6 mm. ; breadth, 4 mm. 

Station 3354. 322 fathoms. 1 male. 

This species nearly resembles M. pdita (^Anoplonotiu politm Smith), but 
the carapace of the former is longer and narrower, the rostrum is curved more 
strongly downwanl, and the propodi of the ambulatory limbs are much shorter 
in proportion to the dactylL 
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Uroptyohus nitidus ocoidentalis, rabfp. dot. 

Differs from the typical Uroptychtu nitidtu (A. M. Edw.) * at foUom : thm 
bronchial regions are more swollen, giving to the posterior half of the CMipfe 
a more convex lateral outline; the rostrum is shorter, the ehelipcda ^koctcr 
and more robust, the fingers shorter in proportion to the length of the hmsJ 
part of the propodus ; the branchial regions are more distinctlj maf^ginnl. 
It approaches in some respects U. unei/er (A. M. Edw.), in which the 
and chelipeds are still shorter. In some s]>ecimens of oecidentalis there 
few low tubercles on the inner side of the proximal end of the meru* 
ischium of the chelipe<l8, — a condition similar to that in If. atutraits Ilrnd. 
which may be considered a variety of U. nitidus, U. poiUus Heod., AiKitber 
cloitely relattnl furm, is distinguished by its short antennal acicle. 

Ii(*ngth of IxMly of a female, 20 mm. ; length of carapaee, 15 mm. ; Imictb 
of nmtruni, 4 mm. ; bn*adth of caropace between antero-lateral spincn, 5 mm. . 
breadth acn>)«s the branchial region, 10 mm. ; length of chelipeil, 4-1.5 mm. ; 
miTus, 11 mm. ; carpus, 12.5 mm. ; ch«da, 17.5 mm.; dactylos, 6 mm. 

Station 3384. 458 fathoms. 2 malen, 2 females ovig. 

Uroptyohus pubeeoens. sp. nov. 

Carapare, without including rostrum, broader than long. puKc»crtit ; a 
trennverte row of spines aonMs the gastric region from one sitle of the caFa|«ir9 
U) the cither ; lat«>ral bonier of caro|»ace spinulose ; the anterior miu*gin has a 
d(*4>p concavity alxive the eye, oxiU'T angle of the concavity armed with a •{■tDe. 
Riwtnim one half as long as the ri'Ht of the carapace, bt*nt downward a littlr-, 
anitc% with fntin* M'tifcnniM margiuH. Kye f»niall, not broailer than thr r\e»> 
stiilk« with brown pi;^'tiH*nt. AUlonicn naked, smooth, pleunr »uliarut«, 
Ant4*nna* (^luul in length to the carupnce with the n>strum ; acicTe shurtrr than 
the |H*«Iuni*le. (*heli|H^ln long, all the joints as far as the fingrr* npinubkM*, th« 
spiuulen with bnMul Imim'm ; pn»|HMluM not broailer than the caqma ; CAr|HM 
ck|uh1 in length to the b.iA;il |M»rtiou of the pro|MMluH ; fing«*ri straight, a ftli^bt 
to<*th near tin* b.iM* «»f the dut'tyluH ; the ti{M <»f the fingers cn^s. Mvn t»f 
bulatory leg^ niiiiutely N|iinuIo«w* on the f»uiMTior margin, dtntal «*nd u( |»n*f 
du<i kpiniforiii t»n the hiiid margin, uhole hintl margin <if dactylu«i antirtl «tth 
spin«'«; all the joint* of the ambulatory liniln an* furniidie<l with long Mrt* 

l^'tigth (female), U mm. ; bnMulth, I7.r» mm.; length of carapace, :ll mm. ; 
li*fi;;th iif pi^truni, 7.5 mm. ; length of rheliiMMl, 57 mm. ; merus, IS mm. ; 
car]>u% ir» nun. ; rheU, il mm ; dactyluH, 9 3 mm. 

N.tti<in liTUM. 3i'*J f.ithoiUM. i frnuib'H ovig 
:i:i.V.. \^2 •• I f.inali- i.vig. 

Thi^ ••]M*«-it- ii inMiv reMil\ r«l.it«<l t>> f. iiui«;mij llen<l. than to aiiT other 
ib««*nU-«l •|wi-ii-«. 

1 Hull. Muft Comp YahjI, VIII 02. 1880. 
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Uroptyohus bellus, ip. nor. 

Carapace broad, branchial regions inflated, upper surface naked, smooth, 
and polished ; the branchio-cardiac lines meet in the median line of the 
carapace ; the anterior margin has a concavity above the eye, forming an orbit 
with a spinule at its external angle. There is one spine at the antero-lateral 
angle, one on the mai^gi4 of the hepatic area, and eight on the margin of the 
branchial region ; the branchial spines decrease in size posteriorly. The 
rostrum is long, tapering, acute at the apex, and concave at the base above. 
The abdomen is smooth, the pleurse subacute. The eyestalks are short and 
stout, the eye not wider than the peduncle, black. The antennae are very 
slender, shorter than the carapace, the acicle considerably shorter than the 
peduncle. Chelipeds very long, naked except for a few setss on the fingers, 
polished ; the ischium bears a spine on the superior margin and several others 
on the lower side ; the merus and carpus are armed with spines arranged in 
longitudinal rows ; there is a row of spines on the upper margin of the pro- 
podus (the row is double at the proximal end), another series on the outer face 
reaching from the proximal end about half-way to the distal end, and another 
still shorter row of more rudimentary spines just outside the latter series; 
the fingers are separated by a gap; their prehensile edges are denticulate, 
with one or more prominent teeth near the base of the dactyl us. Ambulatory 
appendages : meri and carpi of the first and second pairs spinulose along the 
upper edge, these joints being spineless on the third pair. All of the ambu- 
latory appendages are subchelate, the distal end of the propodus being enlarged 
and furnished with spines against which the spiued dactylus closes. 

Length (male), 17 mm. ; carapace, 10.5 mm.; rostrum, 4.5 mm. ; breadth of 
carapace, 7.7 mm. ; cheliped, 31 mm. ; merus, 7 mm. ; carpus, 9 mm. ; chela, 
14 mm. ; dactylus, 5 mm. 

Station 3354. 322 fathoms. 1 female ovig. 
•* 3355. 182 " 1 male. 

Family AXTTPJEL 

Axius crista-galli, ip. nov. 

Near Axius acutifrons (Eiconaxim acuHfrons Bate), but differs in the fol- 
lowing regards. The margin of the rostrum is armed with prominent teeth. 
The me<lian carina of the rostrum, entire or at most but slightly serrate in the 
former species, is here cut into about seven prominent teeth. The larger claw 
differs from the corresponding organ in A. acutifrons in lacking the serration 
on the superior margin of the propodus, in the presence of a strong tul)ercle 
on the anterior border of the hand between the bases of the fingers, and in the 
absence of prominent teeth on the prehensile edges of the fingers. 

Length, 24.5 mm. ; length of carapace, 10 mm. 

Station 3359. 465 fathoms. 3 males, 1 female. 

The female carries eighteen eggs of large size (2 X L5 mm.). 
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Family CALOCARZDA 

CALASTACUS, gen. no?. 

Abdomen long, enlarged in the middle, narrowed at each extremitT, pl^vnv 
broad and rounded. Cephalothorax laterally compremed, roatmni lufiKt aratr . 
eyes rudimentary, subglobose, unpigmented, unfaceted. Second mntetma •m 
a horizontal line with the first antenna ; the second segment amiMl with m 
long external sjiine .(<*tylocerite) and a still longer articulated atylr-AliApfvi 
scale (ficaphocerite). Third maxilli|)ed pediform. First and second pairv t4 
legs chelate. Fint alKloiniiial ap{>endages of male modified to ser%*r as srinal 
orgunH (gonofMxlH). Outer brunch of swimmerets divided near the (wMtmcir 
nuirgin by a diagonal suture. Tt'lson long, quadrangular. Gills compuaeil oi 
a central stem which beara two rows of filaments. Branchial fonnuU : 

Somite VIII. IX. X. XL XII. XIII. XIV. 

KpilHMls .... 1 1 1 1 1 1 =r 6 

Podobranchio; . . 1 1 1 1 = 4 

Arthrobranchiie .082 8 8 8 = 1(> 

Pleun>branchta) .00 000 = 

Differs fn)m (MKaris in having a long styloid scaphooerite appended to i^ 
peduncle of the external antenns. 

Calastacus stilirostriB, sp. dot. 

(^amiMia* nAk(>«l, piiiMtate ; ii|m'X of nmtnini turned a little apwanl ; two 
strong itpiiu'N turiieil upward find fonvanl at Iwm* of nwitrum ; a light nte«luui 
rariuA runn along the* back from the Inum* of the nintnun, failing out lM»ft»rv 
rt'itchin^ the hind tN)nlfr of tin* aini|wu'c. ('h(*liiH*<lM long, symmetrtcml on the 
two nidrn ; coxii furni.ibtMl ^ith a huiuII Hpinron thr anterior lionlrr of ihr di*- 
t4il «*nd ; i-H-hium firninl with fnun one to four npintii on the l(»wc*r niAi^nn ; 
ni«'run litt4*nilly t'onipn'i«M*<l, arnunl with a bpinc on tho up])er edge near ibr 
dtttal t-nd luitl a vuriablo nuniU'r (four to eight) of Hpines un the luwrr ««l|^. 
('ar]»U4 triangular, unarninl. Chrbi : up|MT and lower nuirgins sbar|v, Um 
u{>|*«r Arme«i with five to H4>ven N|»ine\ inner and outer faces with a few 
t«'r*d p>|iinulfH; (ing<-ni with deiititulate pri'hrnMile eilgtm and cur^'nl rrii 
MtP'niitrt*. S4M-nnd |tair «»f bgn furni.<*h(Hl with nniall rhel*. 

l^'U^xU cf ram{>n«'<', *2'2 *2 mm.; n><«tnim, 5.5 mm.; abdomen, 90 mm.. 
c!i« lijH.I, :vj mm. ; < b.l.i, |7 mm. 
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Family ASTACID2L 

Nephropsis oooidentalis, sp. nov. 

Pubescent. Carapace cylindrical, the branchial r^ons convex. Rostrum 
densely ciliated on the margins, armed with a pair of lateral teeth near the mid- 
dle ; a double row of prominent granulations on the dorsal surface, diverging 
posteriorly and continued backward for some distance on the gastric r^on. 
A small, blunt papilla in the median line of the gastric area, a pair of acute 
teeth near the anterior margin at the base of the rostrum, and another pair just 
above the insertion of the second pair of antennse ; a small papilla in the 
median line on the intestinal r^on. Abdotninal pleune rather longer-pointed 
than in N. stewartif but not so much so as in iV. agatsizn and N. aUantica; 
their anterior bonlers are finely denticulated, but are destitute of spinous pro- 
cesses. Telson armed with a sharp spine in the median dorsal line, near the 
proximal end. 

Length, 119 mm. ; carapace, 61 mm. ; rostrum, 14 mm. ; second antenna, 
225 mm. 

Station 3418. 660 fathoms. 23 males, 32 females. 
'' 3424. 676 '' 2 males. 



Family ER70NTID2L 

Willemoesia inomata^ sp. nov. 

Similar to W. UptodactyUif but readily distinguished from it by the small 
number of spines on the margin and dorsal ridges of the carapace. The 
armature may be formulated thus : — 

Marginal 5to8 — 2to3 — 0to6 

Median ridge lto5 — 

The marginal spines which lie behind the cervical groove, if found at all, are 
but rudimentary, while there are no spines on the submarginal carina or along 
the lateral boundaries of the cardiac area, where they are present in fV. Upto- 
dactyla. The third maxilliped bears only a slender epipod ; the membrane 
that connects this limb with the body carries a small, but perfectly formed 
gill (arthrobranchia). According to Spence Bate, this gill ia absent in 
ly, leptodaetyla, 

8 males, 6 females. 

1 male, 1 female ovig. 

2 males, 4 females (1 ovig.). 
2 males, 1 female. 
1 female. 
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Polyoheles^ tanneri, fp. dot. 

Orbital smuB rounded at the bottom, outer margin spinuloae. Median 
of carapace furnished with two anterior roatral spines, followed by fire (or mi ' 
spines in front of the cervical groove, the fourth (or fifth) of wbicb is dimblr 
The arrangement of these spines may be thus formulated: 8. 1. 1. 1. 1. 2. 1 («jr. 
2. 1. 1. 1. 2. 1). Back of the cervical groove the spines of the medmn cmriiui arv 
2. 2. 2. Marginal spines of carapace arranged as follows : &— 3 — 13 or 14). 
A longitudinal row of four small spinules on the anterior division oi tb« 
carapace midway between the median and mai^nal rows, and a row of twrlw 
or fifteen on the branchial regions inside the margin of the cmnpmee. Tbrrr 
are, besides, two or thrt*e spines on each side of the hind roaigin of the cara- 
pace, aiiil a few along the cervical groove. 

Kesuniblus P. nanus (Smith), but differs in the number of spines on th« 
median and Mubltttvral carinas of the cara|Mice, in the existence of a spin** •« 
the antcn>-rxtenial angle of the first and second alxlominal pleurs, and in th« 
greater nufiilier of spines on the merus, car|>UB, and pn>podus of the clM*li|irda. 
P. nanus, nioreoviT, is described as having the posterior pair of tborscic a|w 
iwndages chelate in the male, while in the males of P. taniuri that 1 li«v« 
exaniine<l these Bp]M>ndageft are simple. Coni|Hired with the types of P. 
(A. M. E«lw.), the cani|Mu:e of the present s|)ecies is broader and fewtrr 
on the murginit; the fimt and second abdoniinnl pleur» are armed wtth 
anterior lateral spine ; the rostral spine is double ; and the orbital sinna is 
bntail and n)un(li*d at the bottom. P. ayastizii, like P. ianncri, has Duo-cbclala 
po(*tcri(>r h'gH in the male. 

Station XV)4, 322 fathoms. I male. 

3402. 421 •• 2 nittlcK, 1 f«?male. 

** 34<a liMI *• 12 niulins 14 females. 

344n). 327 ** 1 fiiuttle. 

Polyoheles soulptus paciflous. subsp. nov. 

DifTom from the Atlantic* P. $rulptus Smith as follows. The carapace t« 
bnwMler in pn»)Mirtioi) to the brtMidth of the altdonitii* the lateral marKin* c«m* 
v<'r>;ti)g fttmiii^'ly at tli«* |MiP«t«'rior end, when', in /'. scuiptus, thry rontioue 
nearly iKirallrl to <iiii* aiii»th«r ; tli(*rf it a Muall Hpine on each branchial r«vt«><i 
iii«idf of and nil a Irvil with the •M-i-iiiid npinc of the Kubmaiginal carina* «hi«-b 
ffpitii* i* «*ntin*ly wuntiii^ in /*. M^-ulytuj ; the f«piii4> on tlu* anterior U>r«lrr of 
thr ophtluilmir VAw i» Ur^tT ati<i Muntrr ; thi* plfunr of the second abdominal 
«<»triitr have a ditfrrfiit lihai***. th*-ir niiterior marKinA lieing in line with the an- 
t«-ri >r iiiir^'iit <f th* t« ri/iitu, whi r«-aii iti /*. Miul^'tu* thry form a fttmng «d*Cut«* 

• f./I' \% itli t)i tt lit IT .'Ml 

* Till- t(viiu« /'-v A i*». as hvrv U«-(lnc<i, cuiii|)r\'hfD<is PulifcKriea, /Vaf«M-AnV«. an«i 
.\ii»f*m.titti of Hate 
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These differences, although slight, are constant, and should be recognized in 
our nomenclature, if any significance ii attached to geographical variation. 

The last thoracic appendages are chelate in the adult female, while they are 
but imperfectly so in breeding males; that is, in the male the ** thumb*' is 
▼ery much shorter than the index. 
Station 3353. 6d5 fathoms. 1 male. 
*« 3392. 1270 " I female. 

"* 3393. 1020 ** 3 males, 3 females. 

" 3394. 611 ** 12 males, 20 females. 

"* 3418. 660 *' 1 male, 1 female. 

3419. 772 "* 1 female. 

"^ 3424. 676 " 1 female ovig. 

Polycheles granulatu8» sp. dot. 

Carapace long oval, broadest across the anterior branchial region ; dorsal 
surface granulated, but nearly devoid of spines; there are two small rostral 
spines, and back of these, on the low granulated median carina, lies another 
pair followed by one or two spinules on the gastric area. The submarginal 
ridge is incurved and composed of minute spinulose granules. Orbital notch 
narrow, armed with a spine at its internal angle and with another at its ex- 
ternal angle. Marginal spines thus disposed : 9 (or 10) — 3 — 16. The an- 
terior abdominal pleurse are rounded, gradually becoming acute as one passes 
backward to the sixth. The posterior thoracic legs in the sole specimen seen 
(a female) end in a small but perfect chela. 

Length, 99.5 mm. ; length of carapace, 45 ram. ; greatest width of carapacet 
37 mm. ; length of cheliped, 118 mm. ; ischium, 19 mm. ; merus, 33 mm.; 
carpuis 22 mm. ; basal part of propodus, 14.6 mm. ; dactylus, 22 mm. 

Station 3380. 899 fathoms. 1 female. 

Sryonloos oaBCUS BatbY 

Station 3375. 1201 fSEithoms. 1 male, 62.5 mm. long. 
" 3377. 764 •* 1 female, 40 mm. long. 

" 3383. 1832 " 1 ju v., 37 mm. long. 

" 3388. Surface to 400 fathoms, submaiine tow.net. 4juv., 19-29mm. 
long. 
Bate's description of E, cteeus was drawn up from a single immature speci- 
men, 13 mm. long, in which the first abdominal appendages were undeveloped. 
The largest of the ** Albatross '* specimens is a sexually mature male with well 
developed gonopods. It differs from Bate's specimen in having much shorter 
spines upon the carapace and abdomen ; the spines of the lowest series on the 
branchial region decrease in length posteriorly, while in the type specimen the 
posterior spines in this row are the longest. Whether these discrepancies are 
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due to difference in age, or whether they denote specifte divernty* euoMt }m 
determined until more mature specimens are obtained from ibm AUantic I» 
the smallest of the ** Albatross *' specimens (which have att«ined m length of 
19 mm.) the npines, especially those of the abdomen, are relatiire] j longer tbaa 
in the ailult, though not so long as in the type described by Bate. 

As regards tht* ophthalmic sinuses and lobes, the geDOi Eryomiems im Ithe 
PolyckeUi {PentacKeUsy 

BryonlouB spinuloous, sp. dot. 

In this species the spines of the carapace, instead of being wellnif^ limited 
to nine longitudinal ndges, as in E. ecreiis, are thickly strewn over the wb 4* 
surface. The intervals Wtween the spines give rise to slender hair-like metm. 
This is the arrangement of the spines of the median carina of the crapre : 

2. 1. 1. 1.2. 1. 1.— 2. 2. 1.2. 
The sublateral carina lieara fourteen small spines, the lateral, 

6 — 2 — 13 or 14. 
The upfwrmost of the two carina below the lateral is denticnlated antcrioriy 
and armed with a spine at the front end behind the second antenna. Tb« low- 
est ridge carries twelve spines, which increase slightly in length postrriurly. 
The rostral spines are very small, but on each side of the rontrum the trtmg 
margin ol the cani|iace is produced so oh to form a pair of horns urrr the baas 
of the fimt {Kiir of antennv. The abdomen is ornamented with utr^n Inoan* 
tutlinal niws of spines, one donuil and median, the others paired and laleni. 
Tht? lowest of tht* lia«*ral rows ij« un the upfier fuirt of the pleura. 

Iit*figth, 37 mm.; (*ani|tiic<*, SI X 17 mm. ; abdomen, 17 mm. 

Station 3403. 3H4 fathoms. I s|)ecimen. 



Family ONATHOPHTLLZDJB. 

Qoathophylliun panamense, tp nov. 

CM'>H«*1y n*Iiit(*«l to /;. fUtjans of the Mi*<iit«*rniiH*an .S«*a, but distingiiished by 
a |in*iiiiri«Mit t'oiiioal protuUTanre, pi^mentitl with blark, on the uppvr |«rt 
of th«- «*<>ri)tM. In O. eUijaHM thin tulwn-le isi wanting or reilucetl to the 
Vi-ti/i«, ili-^-fniilth* only by aid of n h»nii. Th«' nrntrum of 0. 
fiirni«h«-«l with M*vrn ti^*th aUivt*, and one Im*1ow. Color entindy dilTervtti 
from thtt of it rUmim. The gMuml tint ih dark brown, oniamrntnl with a 
niultiiinli* nf li;:ltt Mu«* nfMitn, amon^nt wlnrh an* «ixtet*n re«l s|N>ta. Kostrum, 
ryra, and ant«'nnir whiti«h, fljt};**lliini of m^rfuid antenna orangr. The fifth and 
•i\Ui .i>>t' -iiiiii.nl M'^Miifiit*. the tfUtiti, nn<l tht* «wininiert>tii an*.ilptn white. Pansl 
J. .11, 1. ..f ....111 pur iif « h« lijN .U vii>li-(, th«* nieriM, i*ar|Mi% and Hng«*r* wbitivii, 
)M«.t! pitt I't |ir>'|*<*lu« itr iii/f Tliir«i, fourth, and fifth |NiirK <»f legs vtolrU 

Till mil. M.4r> h 1:!. 1 f< iii-il«* ••%!.;. 

ti. J*h* I- I'lftifn .Stiui|'4., (lotii Au-tr.tli.i and Anilioyno, ngrers rlus«ly ia 
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form with G» elegems, but differs wholly in the pattern of its color marks 
from both G. elegans and G, panamense, G, zebra Richters, tern Mauritias, 
is without mach doubt the same as G. fasciolatum, Ortmann has lately re- 
corded a Gnathophyilum from Tahiti as a new species, G. paUiduiru It differs 
from G, fasciolatum only in the absence of color marks, — a difference due 
possibly to the action of alcohoL 

Family CRANOONID2L 

Solerooraxiffon atrox, sp. nor. 

Of the described species of Sclerocrangan, S, ferox 0. 0. Sars comes nearest 
to this species. These are some of the chief points of difference. In 5. ferox 
the upturned rostrum is simple, while in 5. atrox a long acute tooth is given 
off from its ventral side, a tooth which reaches as far forward as the tip of the 
rostrum. In the former species the dorsal carinie of the sixth abdominal seg- 
ment bear two pairs of well developed spines, while in the latter species one 
finds but one pair of very small spines at the posterior end of the carinse. The 
pleural spines of the abdomen are much longer in the former than in the lat- 
ter, and on the fifth somite there are four to five spines on each pleura against 
two in 5. airox. The eyes are much smaller in S. ferox, and lack the spine 
above the cornea seen in S. atrox. 

Length of the laigest specimen (a female), 162 mm. 

Station ^18. 660 fathoms. 3 males, 2 females (1 ovig.). 
<' 3424. 676 '' 4 females. 

Sderoorangon prooax, sp. nov. 

Nearly related to S, agassizii Smith, from the Atlantic side of the conti- 
nent. The rostrum of 5. procax is longer than in S. agoMizn, and inclined 
upward at a much sharper angle ; the same is true of the antero-lateral spines 
of the carapace. The most conspicuous difference is found in the anterior spine 
of the median carina of the carapace, which is much longer and nearly erect in 
<S. procax. The two flagella of the first antenna in the male, 5. procax^ are 
subequal, while in the male S. agassizii the outer flagellum is much longer 
than the inner ; the scale of the second antenna, moreover, is narrower in the 
former species than in the latter, and the terminal segment of the inner branch 
of the second abdominal appendage in the male bears on its inner margin a 
short blunt stylamblys, which is wanting in 5. agassizii In neither of these 
species is this segment produced into a lobe at the base of its outer margin, as 
it is in the more typical species of Sderocrangonj e. g. S. ferox aUd S. atrox. 

Length, 49 mm. 

Station 3380. 899 fathoms. 1 male juv. 

'* 3418. 660 " 8 males, 3 females. 

" 3435. 859 " 2 females ovig. 

<* 3436. 905 '< 1 female. 
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FontophiloB oooidentalifl, sp. nor. 

Allied to P, ahjfui Smith and P. batei.^ From the former it diffm im 
having a shorter rostrum, larger eyes, and more strongly derelopevl ciuiiur *m 
the carapace. From the latter it also differs in its shorter rostrum Armed wtth 
two pairs uf lateral teeth ; in the presence of a sharp spine on tbe alemam be- 
tween the ttecond pair of legs ; in the length of the antennal acalet, which a 
P, oecidentali* is equal to the distance from the tip of the rostrum to the cai^ 
disc spine ; in tbe shortness of the second pair of legs, which reach ooljr half 
way to the distal end of the menu of the first pair ; and in the abaenoe of ths 
spine on the outer margin of the merus of the first pair of legs. 

The eyes are as large as in P. gracUit Smith(much exceeding the loatruu), 
but they are nearly colorless, and unfaceted, as in P. a^ysfi and P. 

Length, 73 mm. ; carapace, 21 mm. 

Station 3361. 1471 fathoms. 2 specimens. 
" 3383. 978 " 2 " 

u 
u 

M ?lfl04 lQ7fl M I «4 

U 

U 

" 3414, 2232 " I " 



Paraoranffon areolata, sp. nor. 

K<i*ttnim long, acut4\ uptumtHl, inferior margin arme«l with two spinea. X 
pmniiiicnt carina «*xt«*n«li« th«* length of the cani|Nire in the mnliaii dtirnal litw; 
it i^ nrnietl with four Hpint*f(, thn*e (in the gimtric, one (obsi>le«irrnt) uti th« 
ranliar rep'^'^* Orhit inrnniplete, iMnindeil extenially by a slemirr •|4ne. Ja< 
below the hiM* of the mvond antennu the ant«Ti>-latrral angle of the carmp%re m 
dniwn out into luiother nither Htronger npine. Juf*t Miind thin, and frum a 
litth* hi^'her h'Vi'l. II Ktronu% Khurp horn i«« dirert«N) out wan! and forwartl « thM 
h^ni u in miitinuity \Kith a roundtHl rid',^* whii-h rxiun inwani to the ratrmal 
orhitil »|itne. A hinu'ituditiul cariim <>ti r.uh «*itle (»f the gastric nrf^im, amml 
with A •nmll «|iiiie n little wity U'hind the nii<MK*; fnim this spine aii«ither 
ri'L'e rtin^ upwinl und inwunl, niertin^ the UK^dian carina at the h»ae of the 
thinl ■pint- The tiLuii hial n*;/i'iti«« iiix* trav<'rM'<l by a iieri«*ft of riilgr^ which 

» i'..uto,A.:- I..,. lUte, Hep CJisIleniter Mscrura. p. 4H7. 18HH. Tbb tf>^ 

li«vit»ir l»«i*n pr« «.iii)»lr iniplove«l for Another •|>e<'ie« by Smith (Hull. Mas C^omp 
/•-I. X '>>\, l'^*''Ji. 1 liA«v ftubttitutvd the nsiue i*vnt»/thiluM hatti (or P yrora/it t^i 
lUtv 
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anastomoBe in sach a way as to divide these regions into cells of different sizes ; 
they are armed with three small spines, the anterior of which is the spina 
hepatica. 

The thoracic sterna are armed with two median spines, one of which is situ- 
ated on the somite which normally bears the second pair of 1^ (absent in this 
genus), the other on the somite behind this. Abdominal pleune acute. 

Chelipeds of moderate length, with a spine on each side of the distal end of 
the carpus, and another long and acute one at the antero-intemal angle of the 
propodus. 

Length, 85 mm. 

Station ^24. 676 fathoms. 2 males, 3 females (1 ovig.). 
" 3425. 680 " I male. 



Family OLYPHOCRANGONIDJEL 

Qlyphooranfiron alata, sp. nor. 

Rostrum armed with a pair of lateral spines on a level with the anterior end 
of the eye ; posterior to this pair of spines follows a variable number of smaller 
mai^nal spines (three to live on each side). The anterior half of the rostrum 
is unarmed, although ciliated on the margin. A light spinulose carina runs 
along the median line of the rostrum from the base to the anterior third (in 
some specimens this carina is obsolete). On each side of the median line there 
are, on the basal part of the rostrum, four or five small spinules. 

Carapace and abdomen thickly tuberculated. On the antero-lateral regions 
of the carapace, and on the abdominal pleurse, the tubercles assume a spiny 
character. For the rest, the tubercles are mostly compressed, their tops trun- 
cate and more or less eroded. It is further to be noted that these tubercles are 
arranged in longitudinal rows, and that six of these rows on each side of the 
carapace form, by their prominence, imperfect carinie, corresponding in position 
to those commonly found in species of this genus. Between the external or- 
bital spine and the spine at the antero-lateral angle of the carapace lies a 
strong spinous tooth, acute at the end and vertically compressed, its base 
broadening out in such a fashion that the whole tooth forms an acute, wing- 
like expansion. This is, in fact, the greatly developed anterior part of the 
fourth carina (counting from the median dorsal line). Behind it the carina 
continues as a low toothed ridge. A median interrupted dorsal carina runs 
along the abdomen, broken up into two teeth on the base of the telson. 

Length, 116 mm. 

Station ? 12-}- specimens. 

** 3395. 730 fathoms. 1 
«« 3418. 660 " 2 
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Qlsrphooranffon spinolooa, tp. dot. 

Roctmm long, acnte, mairpnB arnied with verticallT iUttencd fpinmit toeth 
from baJie to the level of the anterior extremity of the ejet, bejroiid which 
point the mari^ns are unarmed ; the anterior pair of the lateral irpinea are the 
Urgeat« A median loiigitudinal niw of smaller opines eztoida from the ante- 
rior honndary of the gastric area to the anterior fourth of the rontnim ; anteri- 
orly, these spines are confluent at their hases, forming a carina which is eon* 
tinued forward Iwyond the spines to the tip of the rustrum. Just inside the 
mafginal spines is an irregular longitutlinal row of very small q»iaules oo each 
side of the rostrum. 

The carapace is thickly covered with spinulos which are laterally eomprnveil. 
Along six longitudinal lines on each side of the carapace the spinrs are lar):er, 
more flattened, forming interrupted carin». The third carina (reckoning frum 
the dorsal line) ends anteriorly at the deep branchio-hepatic sulcus. The 
fourth carina is especially prominent on the he|iatic region, where it is Uroken 
up into two or three prominent teeth. The two lowermost carina? are obso- 
Icecent. The anterior margin of the carapace is produced into a large external 
orbital spine, directed obliquely upwaiti and outward. The hind margin of 
this spine is fumiiihed with a variable numlwr of spinules. 

The aUlomen, like the caraftace, is s(>inulose on the dorsum and plennsu 
An interruptetl carina extends the length of the median dorsal line. (>n the 
sixth segment this carina is toothed along its edge. The second to the fourth 
abdominal pleune are anned with two spines curved outwaiti and backward, 
the anterior one lieing the larger. The fifth pleura is likewise armed with 
two MpintHi, but in this case the posterior spine is the larger. The sixth 
pleura ends |MMt4*ri(>rly in a ningle spine directetl outwanl at a greater angle 
than xlnmc of the* more anterior somites. The median dorsal aUlominal carina 
is continuecl along the InuhiI fiart of the telscm as a line of four or five teeth, 
which decresM* in siie from before backwanl. 

I^eugth, KtTi mm. 

11 specimeoa. 
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Qlyphocnmffon sioaricum sp nov. 

KiMtrt;!!! an Inu;* a« th«' n«t «»f the rani|»arc, anne«l with a pair of •hort, 
blunt. lit«ril t««tli, n litdi- III iKlv.iiirf <>f th«' fn»tit of the ejr«Hi, and with sn- 
nthrr |»iiir nf iilM<ilr<»i'<*iit •»iic» At th«' r-H.i. lU't>»tfn these two |Muri of lr«th 
the 111 ir.'itift uf the rmtrum srv «-i)nca\c aitd eli^htly raited. From the sntvnur 
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teeth the rostrum tapers regularly to the point. The upper surface is plane 
and smooth. A slight median carina, most obvious near the tip, runs through 
the whole length of the rostrum from the anterior end of the gastric area to the 
tip ; the lateral margins are slightly rimmed. The lower surface of the ros- 
trum is longitudinally grooved, and wholly devoid of a median keel. 

Orbital spine rather short and thick, directed a little outward and upward. 
The spine at the antero-extemal angle of the carapace is also short and thick, 
slightly exceeding in length the orbital spine. From its base a low keel ex- 
tends backward over the hepatic area, — a keel unarmed with spines, but 
broken into two tubercles, the hinder of which is the more prominent. In the 
small triangular area between this keel and the gastro-hepatic sulcus are several 
tubercles disposed for the most part in a single row. The gastric region is 
free from tubercles in the median line save one minute one at the anterior 
boundary near the base of the rostrum ; but on either side, this region is orna- 
mented with tubercles ; these are not spiny, nor do they tend to form very well 
marked carinsB. On the branchial regions there are three carinie on each side ; 
the uppermost of these is broken up into five or six tubercles ; the top of these 
tubercles, as well as those of the other carinse on the branchial and hepatic areas, 
exhibit a corroded surface, and a similar appearance is manifest on the whole 
lower surface of the carapace where it is bent beneath the thorax. The abdo- 
men is irregularly bestrewn with low tubercles. The telson is straight and 
much shorter than the rostrum ; it is funiished with a small, laterally com- 
presseil tooth in the median dorsal line at base ; both the dorsal carinie and the 
lateral margins are obsoletely dentate along their basal half. 

Length, 124 mm. ; length of rostrum from tip to anterior gastric groove, 
30.5 mm. ; length of carapace, including rostrum, 58 mm. 

Station 3382. 1793 fathoms. 2 specimens. 



Family PANDALID2L 

Heterocarpus vioarins, sp. nov. 

This is the Western representative of H. gibbosus Bate, from the Philippine 
Islands. It differs from that species as follows. The carapace is very much 
longer both in proportion to its height and to the length of the rostrum, and its 
dorsal margin is not so convex. The teeth on the upper edge of the rostrum 
are more numerous and closely set. The lateral carinie of the carapace are 
more prominent. The third abdominal somite forms a sharper angle or knee. 
Finally, the anteunulary flogella are longer and subequal in length. 
Length, 110 mm. ; rostrum, 26 mm.; carapace, including rostrum, 55 mm. 
Station 3385. 286 fathoms. 49 specimens. 
«• 3386. 242 •* 91 " 

" 3389. 210 " 7 " 

" 3396. 259 «* 68 *' 
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HeterooarpoB hoetilia^ tp. no?. 

SimiUr to //. alphotui Bate, from off the Philippine IsUiidi And Japan, bol 
retdilj diMtinKiiished from that speciea by the stronger upward ear\'e of the 
rottrum, by the preneuce of but one tooth in the median dotial line of the 
caraiiace back of the baae of the rovtrum, and by the two fpinet on the third 
abdominal aegmenU 

Length, 107 mm. ; ruatnim, 70 mm.; carapace, including roitnun, 108 mm. 

Station 3353. 605 fathoms. 22 specimen!. 
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Very similar to //. Ko$tUii, from which it differs in the following partieiilaim. 
The rustnuu is much shorter; measured from the tip to the puetertor limit 
of the orbit, it about equals the rest of the carafiace in length. Thrrv arv 
fewer teeth on its dorsal margin (five or six) ; the numlier of teeth oo its lowrr 
margin varies from six to ten. Tlie median dorsal line of the carapace is mtttc 
convex, and it is anued, buck of the base of the rostrum, with two acQle tc«tb, 
when* there is but one tv»oth in //. Ko$tiiU. 

It lieam a mM*mblAnc(*, further, to //. dormUis Date, oollectetl by the " Clial> 
lengi*r*' in th** Ikndu S*a, but it may be at once distinguished fnmi thr 
C>ri«'t)tal ii}Nrit^ by iu nhorter nistruni and the ]>res(*nce of two median teeth 
on the thtni ulMloniinal segment. 

//. afinii an<l //. hosfilis bi*|(ing to different geographical areas. //. afkmU 
is the* nmrv n«>rtbom lonn, found off Arnpulco and Cape Corrientes, while 
//. kmttlis wmii obtaint^l in the (lulf tif Panama. 

Station 5 tlH 661) fathoms. 13 p|NH;imens. 
" 3424. 676 " 6 

•• 3425. 6H0 •• 9 •* 



Family NEMATOCARCINIDJB. 

Nomatocarcinus airaaaiaii, sp. not. 

Thi- p'^trtiiii in (itic fifth loti-^iT than th<* n*<«t i>f the ram|MM:r (in mtrnt small 
ii|H-4-nii« til "Illy oiimI to th«' n^^t <il thi* cam|Mtco), ^lender, nearly hiirii«>Qtal 
for th* Ut-.il twii fifth* of itA h'ti^'th, the n*nisinin^ }>ortinn gently u}»tuninl and 
rifluiK' 111 a \«ry miitr |M>iiit, iu up|KT margin it continued backwaid in %hm 



MUSEUM OP COMPARATIVE ZOOLOGY. 205 

fonn of a carina, which becomes obsolete on the hinder part of the gastric 
region ; this carina is pectinate, or armed with close-set, forward-pointing 
teeth on the anterior part of the gastric region ; the teeth are continued on 
the upper margin of the rostrum through one third or two fifths of its length, 
the distal third or three fifths of the rostrum being entirely free trom teeth 
above ; the lower edge of the rostrum is ciliated above the eyes and armed 
with three (rarely four) teeth, separated by wide intervals, on the distal half. 

The third abdominal segment is somewhat prolonged posteriorly over the 
next segment, but the hind margin is rounded off and does not form a promi* 
nent tooth. The telson is tipped with three pairs of spines, the intermediate 
pair the longest ; there are, besides, about six pairs of small spines on the dor- 
sal side of the telson. 

The flagella of both the antennules and antennie are prodigiously developed, 
the antennule being nearly twice, the antenna more than twice, the length of 
the whole body including the rostrum ; excepting the proximal part of the 
organ, the annuli of the antennary flagellum are enlarged at the distal end, 
giving a beaded appearance to the flagellum. The antennal scale reaches rather 
more than half-way to the end of the rostrum ; it is truncate at the distal end 
and armed extemaUy with an apical spine. 

The 1^ have the characteristic shape and proportions of the genus. The 
dactyli of the third and fourth pair are slender, acute, somewhat curved , and 
invested by a pencil of long hairs. The dactyli of the fifth pair are stouter 
but very short, and hidden in the tuft of hairs which arises from the distal end 
of the propodus. 

The outer blade of the swimmeret slightly surpasses the telson. It is fringed 
with long hairs along the internal and distal margin, and furnished with a 
minute tooth and a movably articulated spine on the external border near the 
distal end. The inner blade is a trifle shorter than the telson ; it is also fringed 
along its whole margin with long hairs. 

Dimensions of a female specimen. Length of body, rostrum included, 
139 mm. ; length of rostrum, 35 mm. ; length of carapace, rostnim included, 
61 mm. ; length of telson, 20 mm. ; length of antennule, 267 mm. ; length of 
antenna, 316 mm. ; length of antennal scale, 19 mm. 

This species, like all the Nematocarcinij is very fragile. The long and slender 
rostrum is often broken off during life, and the attempt to restore it sometimes 
results in an abnormally small and otherwise monstrous rostrum, which might 
easily be mistaken for a specific character if ample material were not at hand. 

Station 3353. 695 fathoms. 2 specimens. 
" 3354. 322 " 4 " 

" 3358. 655 " 90 « 

" 3359. 465 " 2 " 

" 3364. 902 " 4 ** 

•* 3370. 134 *' 8 •* 

** 3380. 899 " 7 " 
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SUtion 3303. 1080 fathoms. 8 speciment. 

*« 33»5. 730 " 3 " 

" 344>6. 55 1 « I " 

3407. 885 *« 14 ** (1 bopyrixed). 

3418. 660 *< 4 

? ? 24 
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Family 
Aoanthephyra oiiBtata, ip. no?. 

Diffen from A, dtbiiis A. Ill . Etlw. (= A, graeili* Smith) in having a mocb 
ihorter and fewer-tpined rustruro, two pain uf longitudinal Ut«*ral cannc mi 
the caiii|Nioe, a domal carina on the fourth abdominal negnient, ami by the ab- 
sence of a neriefl of tlenticlw on the posterior margin of the dorsum of the foaitb 
and fifth abdominal negmenta. 

From A . lanceolata (S^UlUupit taneeolala Bate) it also differs bj having the 
rostrum nhorter, the lateral and dorsal carime of the earafiace moi« pniminml, 
and by the absence of a prominent tooth on the anterior margin of the first 
abdominal segment* 

Tliis species, like A. dehUU and A, lanctolata, has no carina on the dorsal 
surface of the fifth and sixth abdominal segments. 

Length, 78 mm.; nwtrtim, 13 mm.; carapace, including rostrum, i7.5 mm. 

Station 3361. 1471 Csthoms. 1 specimeiL 
♦* 3381. 177« ♦* 1 " 



Aoanthephyra ououllata, sp. no?. 

The integiimrnt is soft, menlb^lnAceou^ and trans])areut in alcohol. Th« 
cara|iiici> i« riiritmtr«l in th«* mnlian dorsal line anterior!? ; this carina is fur- 
niiihctl with iM*vi*n niiniit** tivth, anil is continued forwanl to a very umall 
aricuUr rtMtruni, whit h bunlly n*iu'h<*>« forwanl to the end of the eyes ; tlie 
inf«*nHlat«*nil niAr);itiA of tb** orbit arv continued downwartl for nome diAtanre 
nrorly |Nimllrl with (me another in a nearly vertical din*etion, and then sud- 
denly diviT^ and tn*nd liackwanl, forming the up|M*r wall of the orbit; a •••rt 
of h«»*Hl \% \\i\\n fiirnic«l of tb«* antrrior |inrt <»f the cArafuice, overhanging the 
farial r«vioii. Thr iiifrii-<»rbiul sn^^le \% rotiiideil, not »|>itiifen»uii. The aii- 
tenn.il •{•iim« t* a«-tit«'. .iti<l .i*l\.inc<««l forwnnl nf the infm-orbital sn^le. The 
brrniK hi 'ott ^M.ttt •piiH- i<* *iiiill iiii'l (-«ititiiiu<>ii4 mtb a loii^itiiilin.iI carina that 
ruii" .il-'it^* tin- brain hi il i«-.:i>n of tin* i-.ir.i)uif A Imw fuM or ndge marks 
the up|>*r Utiiipl.iry of tin* l*r.iti< hi.d ifi^inii. 

Th«' .il>i<>tii<-ii iM r.trin.iti<<l in the fii««li:in il«*r«al line on the secoml t4i the 
tilth N'^Mn< lit inclniive ; the carina i« must pniminent on the tbird segment. 
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where it is produced into a strong posterior tooth which overhangs the anterior 
part of the fourth segment ; the three following segments are furnished with 
minute posterior teeth. The posterior half of the telson in the unique speci- 
men at hand is missing ; there is one pair of minute marginal spines at the 
hind end of the remaining proximal half. The eyes and eyestalks are well de- 
veloped, the stalks broadening toward the distal end, and projecting a slender 
blunt process on the inner side close to the cornea ; the eye itself is as broad 
as the distal end of the peduncle. 

The basal segment of the antenna is armed with an acute external spine ; 
the antennal scale is long, gradually narrowing distally to the apex, which is 
furnished with a small spiue. 

The thoracic appendages have the form characteristic of the genus Acanthe^ 
phyra^ and appear to offer no important specific characters. 

Length, 87 mm. ; carapace, 27 mm. ; antennal scale, 16 mm. 

Stetion 3381. 1772 fathoms. 1 male. 



Notostomus fragiliSt sp. nov. 

Dorsal line of carapace convex and keeled from anterior to posterior margin, 
anteriorly produced into a short, acute rostrum, which does not exceed the eye- 
stalks in length ; the dorsal carina is armed with seven or eight minute teeth 
on the anterior gastric region and the basal portion of the rostrum ; lower 
margin of rpstrum unarmed. A longitudinal carina on each side of the cara- 
pace begins near the orbit, above the infra-orbital spine, and runs back to the 
posterior margin ; another carina runs obliquely downwanl and backward, 
dividing the branchial from the hepatic regions. The inferior lateral carina is 
obsolete except for a short distance behind the spine which lies near the ante- 
rior margin of the carapace behind the base of the second antenna. 

The abdomen is strongly compressed, the third, fourth, fifth, and sixth seg- 
ments dorsally carinated ; the carina terminates in a small tooth at the hind 
end of the fourth, fifth, and sixth segments ; on the fourth segment the carina 
is divided into two parts by a deep notch about two thirds of the distance from 
the anterior to the posterior margin of the segment. The telson is channelled 
on the dorsal side, and is tipped with two long spinous sets. 

The eyestalks taper from the base to the tip ; their outer and upper mar- 
gins are nearly straight, but their inner and lower surfaces are swollen ; on the 
inner side of each stalk, a little way behind the eye, there is a blunt tubercle. 
The eye itself is small and black. The integument of the eyestalk is trans- 
parent, and when held to the light discloses the optic ganglion vrithin, giving 
off a nerve to the retina and another to the tubercle on the inner side of the 
stalk. 

The basal segment of the antennule is armed with a very small but sharp 
external spine. The outer side of the second antenna, on the contrary, is 
unarmed. The antennal scale is very broad, oval, and famished with a small 
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■pine on the external border, near the diiital end. The third maxilliiwdt avt 
robuHt ; they retch forward far beyond the end of the antennal tcalee ; their 
terminal ae^^roent is triangular in cross section. The fint pair of legs are also 
robust, almut equal in length to the thiitl mazillipeds, and their chela is strong, 
with fingen about equal to the hand in length. The second pair of legs are 
longer but much weaker than the first pair, the carpus and pn^podos much 
elongateil, and the fingers not more than a third as long as the band. The 
ischium and merus of both the fint and the second pair are flattened, and the 
same compression is seen in the three following pairs of legs, which hare 
the form and proportions characteristic of the genus. The inner bfanchre of 
the swimmerets are about the length of the telson, while the outer bimnches 
are rather longer. 

Length, 70 mm.; carapace, 3() mm.; telson, 14 mm.; antennal scale, 11 mm. 

Station 3371. 770 fathoms. 1 specimen. 

In this Bpucimen the integument is soft ami membranaceous, and the cara- 
pace is so colla|Med that it is difficult to restore its true outline. In several 
respects this B|NM:ies shows an approach to the genus liymtnodtm^ e. g. the 
soft integument, small eye, and the reduction of the rostrum. 

Notostomus westarffreni, p^ nov. 

SimiUr to N, jnUentimmuM Bate, with which it agrees in nearly all the de- 
tails of cariu«, etc, but it differs much from Ikte*s s|iecies in its general form 
and prt*|M»rti(mis the carapace being longer in proportion to its heignt, atid lass 
ctmvri slniig tht* domal line than it is in N. ptiUntiMtimuM. The rtistrum. be- 
si«lv«, in aniic«i with many more spines (iit U*oi»t twelve) on its inferior margin. 
IUt4.* luiTii that in S. paUnlUtimuM the antrnnal carina temiinat«*s in the pu^ 
trrior iiiur,;in of the cara|Nu:e, when* it in conflut*nt with the lowermost, suU- 
margiiml carina. This in n(»t the case in A', wtttergreni, 

licngth. 1:27 mm.; length of carapace, including rostrum, 61 mm.; height ol 
car«|iiirv, 31 mm. 

Blation 3399. 1740 (iithoms. 1 male. 



FamUy PA8IPHABIIDJ& 

Pasiphaeia cristata amefioana, subtp now. 

TliU f«>rm i* oliwlv nllii-*! l4> P, cristata lUte. dmlgi*d by the **Chaltrag«* 
ill ni'i fitli"iii-. ii*Mr tli«* Ki)i Nl.ithl*. Th(* ** AUiatniMi** »|t<*rimen« diffrr in 
•<ititi> r<-|«t« fioiii thi- Fiji ••|*<niiirii. TlifV iiiuy U* c«)ni«tdrrv<d a gv«yni|»hi* 
cal r.i> •' i»f ilti- ^aiitc ^iNN ifn 

On fitii|iiiiniip; th*- («•• f«»rm« it <ipiM-upi thiit thi* ('am|iiii*t* of the ** .\llHitfi«M* 
•litTinau* u •••luidcrably luiigt<r lu prn|Mirtioii to the length of the whole hoily 
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than it is in the Fiji form, and that the dorsal crest is smaller and somewhat 
differently shaped. The fifth and sixth abdominal segments are much shorter 
in proportion to the length of the telson in the former. The antennulary pe- 
duncle is only one third as long as the carapace, while in the typical P. cristata 
it is about one half as long as the carapace. Furthermore, the flagellum of the 
antenna in the former is longer than the body, whereas in the latter it is 
described as being only one half as long. 

Length 65 mm. ; carapace, 22 mm. ; telson, 7.5 mm. 
Station 3385. 286 fathoms. 4 specimens. 

" 3396. 259 ** 2 ** 

** 3403. 384 " 2 " 

" 3406. 551 " 3 " 

Pasiphaeia magna, ep. nor. 

This species is second only to P. princeps Smith in dimensions. It is most 
similar to P. tarda Kroyer, from the North Atlantic Differs from the latter 
species by having the dorsal line of the carapace more convex, the posterior 
part of the carapace higher in proportion to the anterior part, the dorsal keel of 
the carapace rounded except on the anterior gastric region, and the anterior 
rostrutn-like tooth longer and differently shaped. The proportional length of 
the segments of the third pair of legs appears to be quite different in the two 
species : in P. tarda, according to Kroyer, the propodus and dactylus are of 
equal length and four times as long as the carpus, while in P. magna the 
dactylus is even shorter than the carpus, which is itself only one sixth as 
long as the propodus. In P, tarda, following Kroyer, the lower margin of 
the second segment of the second pair of legs is famished with three spines ; 
in P. magna this margin is unarmed but for the tooth at its distal end. 

Length, 145 mm. ; carapace, including the anterior dorsal tooth, 55 mm. 

Station 3384. 458 fathoms. 1 specimen. 

Family PEMJJIUJEL 

Sicyonia aflOnis, sp. nov. 

This species is the Pacific coast representative of Sicyonia edwardsii ^ of the 
Atlantic coast of America. It agrees with S. edwardsii in the form and denti- 
tion of the carapace, but differs in the form and sculpture of the abdominal 
segments. In 5. edwardtU the first four abdominal segments are rugose, and 
ornamented on the sides with two deeply impressed transverse lines, followed 
by another less deeply indsed near the hind margin of each segment ; more- 
over the pleune of these segments are angulated below. In S. affinia these 

1 Sicyonia edward$ii Miers, Ann. Mag. Nat. HUt, 5th series, VTIL 367. 1881 ; 
SiofomaottrimUa (OliTier) Milne Edwards, Ann. ScL Nat., XIX. 844-846, Plate IX. 
Fig. 9, 1890; nee Sicyonia carinata (OUri). 
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•egmenU are imooth, the impresaed lines are abeent with the exeepim of the 
hinder one of the deeply cut pair, and the pleane are broadly itmndeil beli»w ; 
the |>ed uncle of the second antenna is not much over one half the Im^^h of 
the antenna! scale, and the whole appendage is but little longer than the 
carapace. 

Length, G2 mm. ; carapace, 80 mm. 

Station 3307. 100 fathoms. 1 male, 1 female. 
** 3369. 52 *' 1 male. 

"" 3378. 112 "* 2 females. 

"^ 3370. 52 '* 1 female. 

The color in life, as shown in a sketch made by Mr. Westeryrren. is lij;ht 
greenish yellow, Wndcil with vermilion on the branchial regions and slulomrn. 
Ap|)endages n*«l, antennary flagellum transversely lianded m-iih light an«l tUrk. 
The coloration is quite different from that of S, tdward$ii as given by Dana 
(Crust U. S. Ezplur. Exped., p. 602). 

Bioyonia piota» sp. nov. 

Rnntnim a little shorter than the eyestalks, laterally comprMMd, elevalc*!, 
armed with six teeth, three superior, three terminal; inferior mai^in ciliated. 
Carapace carinate in the median dorsal line; the carina is fumishetl with twiv 
teeth, one minute, on the anterior part of the gastric region at the hasp »f th« 
riMtnim, the other laiger, over the canliac region. An infra-orliiul and an 
hffiiitic spine are present. Oeneral surface of rarm|Mice punctate an«l spaiirly 
clf»tlir<l with setiD. Aliilominal segments smooth, with a median dcifusi carina 
which riiies into a stnmg t4N)th on the first segment directed upward an«l 
forwanl ; on the fifth and sixth negnirntJi the carina i* drawn out into an srnti* 
tooth which is dinttcil horiz«»ntally Imckwanl. Tlie pleurv of the abilominnl 
s«*giu(*ntii srv nmr^^iiit^l and amitNl with a t4)oth on the lower Utnlrr; <>n thr 
M*coiid, thinl. and fourth negnients the tiMvth is hamate, being dirrrtnl otit- 
wsnl and luickwani. The p*tieml surface of the abdomen is sm«ioth, with a 
tmiivvfrm* griMiv«* mi fmh sidt* of the Moments. The telson '%• rhannrllr«l 
slHtv«*, nriit4* At tlu* tip, ami armed with a |iair of nmsll Inteiml spinr« near th«» 
di^itnl t*n<l Tin* v\%*n an* wry largt*, horizontally fliitt<*nr«l. Ikmal Argment of 
anti-niiulr (iriiit<«l vk'\\\\ two fipin«*H on itA ektf*rt(»r lionler ; fiagrila nhotifr than 
tli«* |ir«lun4-l«>. Th«* firfhnicli* of thr M*<*«ind antt*tina rraches aUtut two thinU 
of thr way to th«* fud of tin* m'hK*; the fln;;fllum i« almut etpial to the alali>- 
m«'ti ill lrti;:th ; the I»a«a1 Ai'^'tiifiit of till* iMtlunrle is fumti»he«l with a long an«l 
aciiti* fit«*rtiiil •piiif. Th«* Mifrnuin i^ nrmtil with a long spine between the 
UiM-* of the «r«-iiti<l, thml, :itid fitiifth pair* of l(*g4, as is usual in species of thi« 
pipM Thf I.i^t |i.iir of iiUIi»iuitiuI apikfuds^'rii are a little shorter than the 
t«-l««'ti. 

\^\ /th. 7'» linn. . i.iri|ai*«', "il mm 

>tiic"ii ;i:u%:i. \^t futlionm. i ni.df 

XS^l. \tl ** 6 miih-s 4 females. 
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On the hinder part of each branchial region there is a dark (in alcohol) ring 
of pigment. S. ocellata Stimpson and S. pemcUlata Lockington are similarly 
ornamented. The tiagellum of the antenna is banded alternately with light 
and dark color, and there are traces of color on the margins of the rostrum, the 
dorsal carins, and appendages. 

Peneus balbosd, ip. noT. 

Integument thin and membranaceous, its surface thickly beset with minute 
squamiform tubercles. The rostrum of the sole specimen procured is broken 
off a little short of the anterior end of the eye ; on the upper margin of the 
part remaining, and on the median line of the gastric region there is a series 
of eight slender acute teeth, three of which lie behind the orbit Rostrum 
continuous posteriorly with a sharp, non-sulcated carina which becomes 
obsolete before reaching the posterior maigin. Suborbital angle prominent, 
but not armed with a spine ; a small branchiostegian spine projects from the 
margin on a level with the second antenna. Neither the cervical nor any 
other grooves are apparent on the carapace. A faint longitudinal ridge runs 
along the side of the carapace on a level with the orbit ; this carina is most 
conspicuous on the gastric region. Another longitudinal ridge runs from the 
suborbital angle, dividing into two branches near the middle of the carapace. 
A third ridge extends from the branchiostegian spine to the lower branch of 
the ridge last noted. Fourth, fifth, and sixth abdominal segments dorsally 
carinated, the sixth armed with a small horizontal spine. The fourth, fifth, 
and sixth segments are also ornamented with a lateral ridge. Eyestalks short ; 
eyes lai^ globular, black. 

Length, d3 mm. ; carapace, exclusive of rostrum, 29.5 mm. 

Station 3371. 770 fathoms. 1 female. 

Solenocera agftssisii, sp. nov. 

Similar to S. siphonocera (Philippi), but different from that species in 
having the two antennulary flagella much shorter and subequal, and a larger 
number of teeth on the upper maigin of the rostrum and gastric region. 
Comparison of a specimen fifty-seven millimeters long with S. siphonocera of 
equal size from the Bay of Naples shows that in the former the antennulary 
fiagella are but four fifths the length of the carapace, and that there an^ eight 
teeth on the rostrum and gastric region, while in the Neapolitan specimen the 
antennulary flagella are as long as the distance from the tip of the rostrum to 
the middle of the third abdominal segment (two fifths longer than the cara- 
pace), and there are but six teeth on the rest mm and gastric region. More- 
over, not only is the upper fl;igellum broader (I m.) and blunter in 5. agassizii 
than in S. siphonocera (wliere it is only \ m. in breadtli), but is also subequal 
in breadth to the lower fla^'ellum, while in the Meiliterranean species the upi)er 
flagelluni iH conspicuously narrower than the lower one. 

VOL. XXIV. — NO. 7. 6 
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In full-grown •peeimcns of S. agauizil, which attain a Ivn^th of 15i> mm , 
the antennulary flaffulla are only one half mm limg mm the carapiin*, or cr«-n Inw. 
The flngvUum of the Hccond antenna it very Hlentler and enunuouily I«>h;^', — 
iu(»re than two and two tliirds timed the length of the whole body The tim- 
ber c»r teeth on the roHtrum and goHtric region iM nine. 

Li'ngth of uu ailiilt fcniule, 149 mm.; cara|iace with rostrum, 51 mm ; r«-^ 
tnim, 1*1.5 mm.; necond antenna, 410 mm. 

Station 3389. 210 fathomii. 2 malen, 8 f«*niale8. 
'* a391. 153 "* 5 mall's, « feniakm. 

A Solenocera haii bct*n recently recortle<l fnim the Bay of Denpil hy Mr. J. 
WiNid-MaHon.^ In this upecies the aiitennulury fla^lla are deitrriUil tu* Iv'iri^ 
shorter and hrttader than in any previouHly deMcriUtl hfiecieii. A«» n<i fih^ r 
chararterM an; nientioneil, it in im|»o«8ible to tell m-hether it i^ th«* Kinir m* thi- 
"AllHitnmH" ^|iei'iif(. When the it'motemwii (»f the ]ooaliti«->a i^ riin^idfr«Nl. tt 
■eenirt hunily wumintalile to aiwnme the identity of the Kant Indian and Anirr- 
lean 0|ieciuit of a coni|iarHtively «hallow-water genuii. 

Peneopsis diomedeaB, tp. nov. 

Int4*gumcnt hartl, Arm, and NnuMith. Uiv^tnun \*m^, nearly horizontal, t i- 
C4*pt near the tip, whi*re it in lient up slightly, rn-utf, arnii*il with fniir ti«t:i 
aUive. A dnnuil carimi, arnieil with onr tiN»th on the iHi<«t<*riMr ]>iirt «•( (Lt- 
IjONtric ri'gion, ruui the Ifii^th of the raniimre. < Vrviral ^'nM»Vf vrry di^'p. tmi 
not cuttin){ tla* tlor^id mriua. Another ilfep ^nxivr riuiM tnu-kwanl. and th« n 
diiHjoiiidly upward fmni the rervind gnMivi* towiinl thf |NMti'n«ir iMirdiT nl tin- 
rani|NU*e, i>t'ippitii( jii^t Khurt t>f th«* iMMtrrinr nuirvrin. Atitfimal rt-^Mu «ti>II 
defnietl by the r4*r> iial ^TiMivf In'IuW ami a pi^tro-iintfiiiiid ^r«><i\i' iilHixi* .\ 
pitmn^ iinti-niml 1»n»iIi nii tln» ttiar^'in "»f rrtrii|«ui*. )i»l-»w ihi* ••rl'ii. .i:.«»t)ii r .•( 
thi* infrn*>I.itind aiiu*1»". « ihini pi-t Uliiuil tin* u'ri^'V"* ihil niark* Ihi- p-t.-it r 
limit i*f thi* uiiti nii.d n-^Mnn, an<l a fniirtli nn iIm* hiiidrr •■*\^*' df tin- ••r%i<.«l 
^riMiVf. AUivi' niiil l^liitid thf l.i«t ni<nti<>iii*d tiNith ttn' nr^ii il ^'i<«i>>«' i« 
iudi-ritiii, :itid till' up|Mr aii;:It* of tht«« inilt'ntati«in tt'UtU t** a«-iitii«- tin f<>int i>f 
A -mill tiM.tli iir oiiiin-. 

Kiiiirtli. fitili. aihl -ittli :iliili>minal M*«^Mm*ntj« nirtiiut*' uti thf iiii-<{i.u> •l>i'>al 
hiM\ aiitl p|i»|iiif| til ttitli |Nii.ii'rii»rlv. Ti'l«»»ii d«Tpl\ j;rini\i"«l ■•n tlt-r-.d •! l« , 
ttii'l .iriiifl Willi a p.iir "f opiiiiturm lati-ral tit'th ni-ar tin' tip. TIm- utitttiiiMl* « 
Miili t}i< ir l-M.^' M I.-. II I Nut|.i'-* tin- ulp'li- UnIv in h-iiM''h . thi pr>».tr1* iili \* 
i«\ J. fill ■■•'I-. i« !■ Ii:i!j t'.iwiihl a* f.ir a- llif p— tt-iMr Uii-I- r if !lt«- «i|j-r 
f.i' • •* *.\.* ■•■r.i I. 'In I \ii|>*i*U nf ihf oi-i <iiiil III ixilli|M>ii-< an- \*t\ -luill. ii- I 
l-! ■' T :} i- !^« -■;.■ r* : r : »1 -i jn.» nT -if tin- liml-- l*]- ii flu- .i|'|*-i,-i.i^*» • ' i ^ 
1. 1 • ■ :■ ■ . \ ;• : i:. !■ i ■.■!:.. tin- ii.» it -t iu-Iiiih nl ■, «li- ■ :i..' !• • ; I* ' \ 
tJ.. ' » 1- ■ I -I ■ . I. I:i i ill il , JH'I« • -l. tin • \..j.— I. .■! tit. I" :■ T . r 

■';;-■ '■ •■' ■■■' ■■' ■ '" -■ 

■ N..>. • . \\ .1 M.iPoii. .\iiu M^t; N.it lliit lilliMf \n !•«** I**«l 
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Length, 215 mm.; carapace, 101 mm.; roBtrom, 42 mm.; antemial scale, 
33 mm.; telson, 33 mm. 

Station 3353. 695 fathoms, fi females. 

** 3358. 565 « 1 male. 

" 3384. 458 " 3 females. 

" 3393. 1020 '« 8 females. 

«' 3394. 511 <" 3 males, 1 female. 

" 3395. 730 " 1 male, 1 female. 

HaliponiB nereus, sp. nor. 

• Integument membranaceous. Carapace lightly granulated. Rostrum about 
one third the length of the rest of the carapace, horizontal, armed with six 
teeth above, ciliated below. Median dorsal line of carapace carinate, with two 
teeth on the posterior half of the gastric region. The antennal, branchiostegian, 
and hepatic spines are present, besides one behind the branchiostegian, and 
another still farther back on the hind border of the cervical groove. Orbital 
region definitively bounded by an hepatic and a gastro-hepatic sulcus. The 
hindmost of the lateral spines of the carapace lies in the anterior angle of a 
triangular field enclosed by branches of the cervical groove ; from the infero- 
posterior angle of this triangle two carinas run backward along the branchial 
area; the upper one ends at the postero-lateral margin of the carapace, the 
lower one meets the inferior submarginal carina of the branchial area before 
attaining the posterior Ji)order. These two carinie, with the submarginal ridge 
of the carapace, enclose a long oval area on each branchial region. Third to 
sixth abdominal segments corinated ; on the sixth segment the carina ends in 
a small tooth. Eyestalks about one half the length of the rostrum ; eyes loige, 
black, much broader than their stalks. 

In the female there is a large process, covered with stiff hairs, and flat- 
tened on the inner side, developed from the base of the third pair of legs. 
Behind this process lies a pair of flat, setiferous sternal processes. Between 
the legs of the fourth pair there hangs in the median line a nearly vertical 
curtain-like partition, notched on the free lower margin, and flanked by two 
lower blunt setiferous tubercles. The sternum of the posterior thoracic seg- 
ment has a slightly elevated median longitudinal ridge, and a low transverse 
ridge at the posterior boundary of the segment. 

Length, 81 mm. ; carapace, 31 mm.; rostrum, 8 nmi. 
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). 1 female. 


•* 3366. 
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1 female. 


«* 3382. 
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2 females. 


" 3398. 


1573 
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2 females. 


«' 3399. 


1740 
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1 male. 


« 3400. 


1322 


t( 


2 females. 


" 3407. 


885 


It 


1 female. 


« 3413. 


1360 


(( 


1 male, 2 females. 
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HaliporuB doiia^ tp. now. 

A lan^r ami more robuiit upecieii than H. nereut, with a atron^^r npwarl 
farve U9 the roatnim. The tabercular pmoeaiefl of the thinl pair uf ]tv% t*^ 
gtfther with the Hternal tulierclm immediately hehiuU them, an; venr likr thr 
eurn«p(iii<linK Htnicturea in //. nereus. Bat here the likenem brtwn-u th«* 
■riual partH of the femaleH of the two Hfwcieii endii. Iletwiit the It-c* **i 
the fourth |Niir there in a tnumvente diaphra((iu conMiHtin^ of a mc^liau tmik'ur, 
courave on itM front faas ita lower e<lge entire, 8up|>ort4*d on each «itlr \»r a 
•tMn^ hlunt trian((tilar ]>roceM, of ec|ual height with the mnliau ton^ur-Iikr 
plate. iMween the liaiiea of the fifth |kair of K*>^, in place of thv low li»ij;:i.- 
tudiual rid^ Heen in //. nertus, there ia, in thi« ii|>eciefs a lar^ Hetiffnuiii tri- 
gonal t^Mith, acute ut the tip, ei|uallinK in height the traniivirnie ]H»rtitii»n i>n 
the Mtcmum of the anteceilent HcgmeiiL The fMnitertor mitlian an^le uf thi4 
looth aliutM againHt the low tranavene ridge that foruui tlie |Mji4«:rior luuit uf 
the laat thoracic iitemum. 

Length, KM mm.; Matroni, 10 mm.; whole carapace, 42 mm. 

8ution3414. 223i Oathoma. 4 femalet. 
*• 3415. 1879 *' 1 female. 



Haliporua thetis» tp. dot. 

Integument memhranace<iuii. RiMtnaui mthor lea* than one thinl an Img aa 
thr *«iit i>f th«* caru|NU'«% cnirve«l atrungly upwanl, upfM^r margin rtinvn, amini 
with tivf te«*th. A iliHtitict rurina, U^aring thnt* tei*th, ninn th«* li*n^'th ttf th** 
nmliati lin<- uf th«' C'^Mrii* un*a, fnim th«* \k\m* of thi* nMtriini in tin* (vrMLil 
gitMivi-. iWk of thr 4-iTvical gDNive thii I'urina oiiitiiitii*^ mi ii^ u low lilimt 
ndgt* til th<* |NKitiTi<>r iHiplrr of thi* i'uni|kiu*e. PoMtiTiorly, thi« rid^* ^i\f4 ••!! 
tWM |>.iin* iif lat«Tiil hniiirh«*'4, whit-li I'diinH* diii;;otiidIy ImikHanl tu tin* |i«H.ti*- 
n<ii iii.it .;iii I if thi* <-aniii.ii'i\ niarktii^ off two triiinguUr ticKU oti th«' tardi.ii- 
n-u'iMii. Mill- I'll! l«Mcd within thr i»th«T. Thi* iptnoiui arnmtiin* of thr i-.ir.i|iait* 
rtiii-i«i« of (III iiiit«'iiii:tl, a vitv f^iiiall ImuirhiiMeg^l, an lk'|iatii*, aihI a l.%tt r.d 
»piiii* iin thi- |MMt«-riiir i^il;*!- uf tlir ciTviriil gn»iv<v Tlie npint* wlmh Xwn 4 
littlr way U'hind thi- hratirhi<Hitfgimi n|iiiu* in //. nirrta and //. tiortM i« Uik- 
iii;: III thi« «|H>i ii-«. .\iiii'iiiial nnti orl*itul nvioii^ wi-ll di*fiti«^l. All tlii' mv 
iiifiit* <«f ih* iiUliiitK II an* r.iriti.iti' along thi-ir niitliJin dorxil linr. Th«' )'I«*urv 
arv •hillxvi .Hid r<>iiii.li-.|. A liinjitii<liiial fiirn»w on iii^'h mdi' of tin* ul«l<*n) 
iii.tl ".r'litiii-. K\<->i.tlk- i'lii- h.iif till* li-nglli of thr nMtriini ; ryi-* lar,.i-. 

hi. I K. ' I- I )• r ihiii 1) 1:1 -t.i!k-. 

I..' ■". ;»» Mtiii .1 'r •■! ■♦ t-.m . iaf^M < , iiu'lii'liiu' rmtrum, 33 mm 
.^t.i;i-i. .111.1. M*Hi fi::* tif. 1 h iu.d<'. 
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AristsBUS oooidentalis, sp. nor. 

Similar to A. anlennattu (Risso) of the Mediterranean Sea. By eomparison 
with Duvemoy's figures of A. antennatus it appears that the Pacific species 
has a longer, more strongly upturned rostrum, and that it differs furthermore 
in having the sixth abdominal segment carinated and toothed, and in having 
much longer abdominal appendages. As in ii. antennatus^ there is no epipod 
on either the last or the next to the last pair of legs. 

Length, 158 mm. ; rostrum, 49 mm. carapace, including rostrum^ 85 mm. 

Station 3403. 384 Deahoms. 1 male. 
'* 3410. 331 '< 2 females. 



Hemipeneus triton, sp. nov 

This species, like //. spinidorsalis Bate, is remarkable for the long, curved 
thorn on the dorsal side of the third abdominal segment. It differs from 
H. spinidorsalis in having a much shorter rostrum, and longer, more flattened 
outer antennulary flagella. The rostrum is shorter than in any previously 
described species, being much shorter than the eyestalks ; it is furnished with 
from two to four teeth above. The sixth abdominal somite is longer than in 
H. spinidorsalis. Another difference between the two species affects the inner 
branch of the second alxlominal appendages of the male ; in both species this 
branch is triple ; in //. spinidorsalis the anterior piece is a homy plate, concave 
within and furnished with setae on its distal border ; the middle piece has the 
form of a long triangular tooth, shorter than the anterior plate ; the posterior 
piece is a longer multiarticulate flagellum, homologous with the inner branch 
of the following pairs of appendages. In H. triton^ the middle tooth-like 
process is developed into a broad plate which exceeds in length the anterior 
plate. 

Length, 127 mm. ; carapace, 44.5 mm. ; rostrum, 6 mm. 

Station 3360. 1672 fathoms. 1 female. 

3374. 1823 " 1 male, 5 females. 

3381. 1772 " 3 males, 1 female. 



« 



BenthesiosnilUB tanneri, sp. nov. 

In this species the carina on the fifth and sixth abdominal segments termi- 
nates posteriorly in a small acute tooth, whereas in B. alius Bate these segments 
arc devoid of teeth, the posterior margin rising to form a peculiar transverse 
ridge. B. brasiliensis Bate differs from B, tanneri in having the carapace 
higher, with more convex infero- lateral borders, the thinl, fourth, and fifth 
abdominal segment toothed, the sixth toothless, and in the absence of the 
tooth or tubercle on the sternum between the abdominal appendages of the 
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fint |Nur. B. bctrtletti Smith, frum the Atlantic niile of the eoDtiDent, 
leneniblofi B, tanneri in niany rapectis but it dittinKuinhahle at a ^lauctf \*y 
the Itinx Hpine on the dorsum uf the fiAh alNlominid M*^mi:nt. B. momtuM 
Smith, aiiotlivr alliMl niiccieai diffen in having a diHtinct htfpatic Hpint-, a inii«-h 
bruoder menu joint tu the aecond maxilliped, in the presence of imall cxu|itiii« 
at the haacii of all the thoracic ap|iendaget, etc 

Color in life, deep red, with a large patch of bright bine on the back of the 
•ecoml, third, and fourth abdominal acgmenta ; eye* black. 

Length, 112 mm. ; carapace 44.5 mm. ; roatrum, H mm. 

Station 33.V8. 555 fathoms. 3 nudet, 8 femaleiu 
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3362. 


1175 


II 


1 male, 1 femali*. 


33(». 


078 


•I 


3 malen, 5 fenudes. 


33<M. 


902 


14 


2 males. 


aKU. 


1010 


• 1 


1 female. 


:i30G. 


i<m7 


• 1 


1 mule, 1 ffinale. 


3376. 


1132 


II 


8 females. 


3377. 


764 


II 


1 male. 


33H(K 


800 


fli 


1 male. 


33H4. 


458 


II 


87 malefi, 36 femal 


3303. 


1020 


tt 


8 maleM, 3 fiMiiales. 


34(N). 


1322 


II 


1 female. 


34<l3. 


384 


II 


1 male, 1 fi-uiale. 


3401. 


385 


• 1 


1 female. 


3407. 


8H5 


II 


5 females. 


3110. 


331 


II 


8 males, 3 females. 


3411. 


11H9 


• 1 


1 mall', 1 fi'iiinlt*. 


3I1H. 


fMU) 


li 


7 nmli'H, 8 fi-niidrs. 


3lL>4. 


676 


• 1 


1 mnlu. 


3l:j:i. 


T'MI 


If 


1 male 


WVXu 


H.V.I 


It 


3 nmltfs 2 fftiialf4 


a VM\ 


0(C> 


• 4 


5 f«'ninli*n. 



Family SBROBSTIDJfi 

Bergestes inoiis, ip nov. 

Ni'.ir N. m**lh% Smith. lU'-Hlf^ ditTrn'iKv^t nf minor inip(»rtanr<*, tin* ft'llnw. 
intr ktru« ttiriil •litrn-ini* i* .ipji^irrtit: in S, rmtZ/u thi* ]HKiUTii>r plftmiliruuhiii 

I if tilt* .iiiti |« tiiiltiiii iti* th '(.i- !•' ■M-^nii-iit 14 n-plai'til tiy n nutnlt *itii|>li- l.inii-ll.k, 

II III- K i« ■ •ili'l ^< !.• it'll till' t' ll'iuiii^' ^'tll. y^\^\\v tu N. \U"U% \\»\ %x\'\ 
]•!« ur -'• r III- Ki t ) • u« I*:<i'i |"<1 tiil iiit- xiti r.iliil. 

I.*i..':fi ll.'liiiii. , ■ ii 1} .1 • . Hi '• tiiiii. 
Mall n Jil"". ""lO !.klli-h».. 1 !• in.iii-. 
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Ser^estes phorous, sp. nov. 

Carapace devoid of spinefl ; rostrum criBtiform, short, subqnadratey the 
anterior margin produced to a short point in the middle. Second, third, and 
fourth abdominal segments lightly sulcate in the median dorsal line ; sixth 
somite armed with a minute posterior dorsal spine. Eyestalk shorter than 
proximal segment of the antennularj peduncle ; eye subepherical, much wider 
than its stalk. First and second segments of the antennulaiy peduncle of 
equal length, the third considerably shorter. Thoracic appendages much like 
those of 5. robustus Smith. 
Length, 65 nun. ; carapace, 21 mm. 
Station 3382. 1793 fathoms. 1 male. 
*' 3386. 242 " 1 female. 

" 3388. 1168 " 2 females. 

" 3401. 395 " 1 female. 

" 3437. 628 " 1 female. 

Sergestes halia, sp. nor. 

A small species, in which the cervical groove is nearly obliterated on the 
dorsal part of the carapace, and the posterior transverse furrow, which in 
some species of Sergestes forms the front boundary of the cardiac area, is 
obsolete. A sharp spine near the antero-lateral margin of the carapace, and 
another on the hepatic area. Rostrum cristiform, tapering to a slender, acute 
point, which overreaches the eye. A longitudinal ridge runs from the base of 
the antenna backwards, dividing at the hepatic spine into a superior and an 
inferior branch ; the former forms the upper boundary of the branchial area, 
the latter courses along the middle of the branchial area and fades out before 
reaching the posterior border of the carapace. Abdominal segments unarmed. 

Length, 29 mm. ; carapace, 9.3 mm. 

Station 3388. Surfetce to 400 fathoms (submarine tow-net). 3 males. 



Suborder SCHIZOPODA. 

FamUy LOPHOOASTRID2I. 

Gnathophaoaia dentata, sp. nov. 

In this species a thin triangular crest, produced at the apex to a spine, is 
found at the base of the rostrum, over the anterior part of the gastric region ; 
a minute denticle near the anterior, and another near the posterior end of the 
crest. The lower epine of the infero-posterior angle of the carapace is reduced 
to a mere tooth, obsolete in some specimens. Antennal scale very broad 
(breadth equal to one half the length.) 

Distinguished from G, gracilis W.-Suhm by the prominent dentate gastric 
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crciit, the snudl size, or even absence, of the lower iipine of the infero-potterior 
an^le of the carapace, the greater lireailth of the antennal acale, etc. 

Gnatkopkauiia gratUu, var. brevispinis Wooil-MaMm, agieea with (i. drfUatn 
in the ob«oleflcence of the lower poeteriur ipine, but I infer from Wowl-MaMiu'* 
■hurt description that this variety conforms to the type of G, gracUit a« i^KianU 
the gastric teeth, antennal scale, etc. 

Length, 60 uim.; caro|)ace, inclading rostrum and domal spine, 33 mm^; 
rostrum, 14 mm.; domal spine, 4 mm. 
Station 3361. 1471 fathoms. 1 specimen. 
3375. laoi •• 1 - 

344N). 1322 ** 1 "* 

34<W. 661 " I «• 

3111. 1189 '* 1 '' 



u 



II 
«l 



Family BUCOPIXDJB. 

Buoopia aoulptioauda, sp. nor. 

Frontal maixin very pnmiineiit, foniiing a three^iideil blunt mutnim, which 
pmjvcts between the eyc«talks aii«l wholly couci'uls tlu* i»ubjac4*nt <N-iilur mv- 
uient. Anterior |)art of the telsou dttcply fumiwwl for a littlr K*^ than ime 
half its length, the furrow bounded on e^u-h side by an vlrvutviU Muiidnl mlp- : 
a biw nieilian keel, beginning in the anU-rinr fumiw, num Uirk t*! thf hin<l 
end uf the ti*liwm ; a conNtrictiou near the hind end divitliii dlf u terminal pUtr, 
which i« brtiailly ntundwl at the end, its Intend nuirgin concuve ; iht? %khi»lr 
dorwd face of the telMiii, from the poMterinr end of the anterior ridgi-n to th«- 
ti*niiinal plaU*, is beautifully f»maiuente«l with a network of ridges like hi>nf^ - 
comb. 

lii'ngth, fMl nitn.; car.i|kai-f, nifinun^l fr»m b»wer angle of orbit to |MMtfn>-r 
euil i*f thi* latrr.d wing's ••< i"m. 

Sutiun 2IU1» llydr. Knni fathoms. 1 female juv. 
" 3M>7. f***."* " I ft male. 

" 3113. i:i«Si» ** 1 mule. 

Family BCT8ZDJB. 

Potalophthalmus paciflcus, sp nor. 

Similar U* /* nrmitjrr W.-Suhni,* Imt ditfrnnt in mniw |inrtiriil.irt. TIh* 
r>M!niiii 14 ni>in- prtituini-nt anil trinii^iiliir; tlifn* in a nii<iliAn t>H>th on th«- 

> Aiti'itifc'tt ifie inatrri.il ilrf^lu'i-'l !•> the " Hl;iki*" in the .\lUiitK- in I*«TT-T^. 1 fln I 
lii<- fi ni.iti- I'f /' -frh .'T I: .i^*ri-«-« I lii«il_v ««it!i titf itiale. liarrin^* tlti- umal ■ri- 
usl I'.ifft-ri ti> i-«, \ ./ I I.I' |<ri •! IK V of nil itM-iilmtiiry |Mim'li. an<l iIm- «iinplr ■trui tu?«* 
of \\'V lAU Ul IiMi|.« , il,f iii.i!i hliiiUr p'llp. caraimtv, tf'l»«>n, «*ir . ore »• iii tlir iiialr 
Thi' lir-Hfil |Miii> }| I ifi«:»ia nf %\x y%\T% uf iiit ulNiti»ry Unii-II;e Thr Si !iii>>|-«k| 
(Ir«« rilir<1 \\y Suhin a« tlir female uf /'. urmtyrr U s|i|»«n*utly a /Avromysif It may 
be laliet! li reomyBtt fuAMi 
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carapace behind the base of the roetram ; the caudal limbs are simple in the 
male.' 

Length, 31 mm. 

Station 2637 Hydr. 700 fathoms. 1 male. 

SCOLOPHTHALMUS, gen. dot 

Carapace rostrate, small, covering only the anterior part of the thorax, leav- 
ing the last two thoracic s^^euts exposed. Abdomen slender, cylindrical, 
sixth segment the longest. Eyestalks transformed to sharp spines, visual ele- 
ments wanting. Antennular peduncle rather long and robust Antennal scale 
elongate, oval ; proximal fourth of outer edge smooth, naked, terminating in 
an angle which bears a strong seta ; the rest of the outer edge fringed with 
hairs like the inner edge. Mandibular palpi reaching to about the middle of 
the antennulary flogellum, terminal segment narrowly oblong. Second max- 
illee vrith inner basal part expanded, three-lobed, terminal segment expanded 
at distal end, triangular. First maxillipeds without an exopod, but furnished 
with a well developed epipod. Second maxillipeds of moderate length, sub- 
pediform. Legs long and slender, antepenultimate pair reaching forward 
beyond the bsse of the antennal scale. Marsupial pouch of the female com- 
posed of seven pairs of incubatory lamellae. Telson large, apex truncate, not 
incised. Outer plates of the swimmerets (uropods) not divided by a transverse 
suture. • 

Scolophthalinus luoifugrus, sp. nov. 

Frontal margin of carapace produced so as to form an acute rostrum ; antero- 
lateral margins oblique, armed with two spines, one behind the external maigin 
of the antennule, the other at the anterior inferior angle. Cervical sulcus 
well marked, with a distinct linguiform dorsal area behind it Posterior lat- 
eral wings short and rounded. Abdominal segments smooth and cylindrical, 
sixth segment nearty as long as the two antecedent segments combined. Telson 
broad, truncate. Eyes atrophied, their peduncles assuming the form of spines. 
Antennal peduncles one half as long as the carapace, second and third segments 
about equal in length, a little longer than the first, the third slenderer than 
the first and second ; the flagella are equal to or rather longer than the pedun- 
cle, and present a uniform structure of small articulations, the basal part of the 
outer flagellum not being expandeil. The antennal scale and mandibular palpi 
are described in the generic diagnosis ; the antennal scale Ib equal in length to 
the antennular flagellum. Abdominal limbs (of the female) simple, increasing 
in length posteriorly, the fifth pair distinctly two-jointed. Inner branch of 
uropods slender, lanceolate, surpassing the telson and the outer branch, the 
latter of which is oval and divided by transverse suture. 

Length, 42 mm. 

Station 3400. 1322 fathoms. 1 female. 
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CBBATOMY8I8, gen. nov. 

Cephalothoraz roboft. Oaimpaos iihort (l^vin^ thi* Lwt two sugnientji nf thr 
thorax ex]NMe«l), Hpinmw ; froDtal margin truncati*, not fumiinK a nMtniiii. iknii<*ii 
at the extvnial anglvn with a pair uf lung honi-like HpinvM ; a coniipicuoii* ui*uU 
at the ant«iiur end of the lateral margin nerving an an excum'Ut firitir*- fr<iiii 
the respiratory chamber. Abdomen nlender, cylindrical, npinom* ; iiiKth -hv 
ment not much longer than the fifth. Eycn abM*iit, tht*ir nUlk^ taking' th«- 
form of slender styles, whoee tips are soft and delicate, perha|M M-rvin^* «t 
tactile organs. Antennular peduncle rather short ; flagidla niurh lun^fr ttiati 
the peduncle, flattene«l and fringeil with lung seto) on their miinnu''- Atit«-iiiiil 
scale linear, ciliatvd uu Iwith nuuxinn. Mandibular |ialpi ri'm'tiiiig Iji'Vund t)«v 
an teunuhir |M.ii uncle ; tenninal segment long oval, niargiiiH fringiil nith h*u^ 
setie. First maxillipedrt devoid of an exopod. Distal m*giiiciit of MTimd niax- 
illi|ieils oval, ciliate. Iii*gs long and slender, pro|NMii not wgnifiitf*!. S<-viti 
|HurH of incubatory Unielle in the female. Fifth and Hixtli nUioniiiiAl limlM 
elongaUfl in the female. Telson linear, setose on the margin. Kith l»niii« hr« 
of the uropiMls linear, setose on each margin, subwjual, shorter than thv t«*lM>n; 
outer branch not divided by a tnnsveme suture. 

CeratomyBis Bpinosa, sp. nov. 

In front of the cer\'ical gnxive are three long erert spines in the mc«li.in lii.r-, 
thr forfmortt uf which is <m the frontal margin; there is, iMvitlcn, a npin* on 
eui-h Mv (if thf camiwici* in a tmnsverse liti«* with thr niidtlh* oiiv of tin* ni«^li.»n 
riw; iN'hinil th** oTvicid K'r***'Vi* thrn* i^ on«* spinr in the ni«*<liiUi Inn* iiiMt ili«* 
|K^tirior ni.ir/iu nf th«- rani|Ki(-f, two on eiu'h sidi* uf th«' ttifigii«'-^hiti>«'<l lixrv&l 
im-.-i, and a loii;; r^w uf fix i*ri «-ai-li Hidr, in linr with tin* latfml «piiii*i i>f thf 
piiitrir uri'ii. Alxliiincn armiil with tivi* longttiidiind mwm nf spim*^ (nUi u\*- 
di.iM, r»iir ]Miin-<l ntnl latml). Tfl-Mtn vrry lon^' and narruw, n«-urly n^iLdlin^ 
thi* li-ii/th <if thf n'tiMiiiiiiu' |>*irti<tn of thr aUlomwi. 

('..l..r ill lift*, luilk-uhitiv 

]<iti/th. :i«i mm ; raniiai-i', U mm. 

Station 3357. 7"*:: fatlmmii. I ft-malc. 
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